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ANTI SENSE VIRUSES AND ANTISENSE-RIB02YME VIRUSES 
Field of the Invention 

This invention relates generally to artificial antisense viruses 
(ASV) and antisense-ribozyme viruses (ARV), and to use such viruses to 
inhibit the replication of natural viruses. 

Backorotin* ^ ^'^'^ Tnveni:ioii 

Antisense technologies have been employed primarily to block gene 
expression. During the process of gene expression, the information 
encoded in a gene (DNA) is first transcribed into a messenger RNA (mRNA) 
that is in turn translated into a protein. The original idea behind 
antisense technology was to create a piece of polynucleotide (RNA or DNA) 
with a base sequence complementary to that of a particular messenger 
RNA, This antisense RNA would bind to the mRNA, preventing it from being 
translated into protein as shown below: 

SENSE ANTISENSE 

5 ' -ACGGTACGTAA-3 • 5 ' -ttacgtaccgt-S ' 

DNA lllliillll! , lilllll!!!! ^. 

3*-tgccatgcatt-5' 3 ' -AATGCATGGCA-5' 

! ! 



i 

V V 

RNA: 5 • -ACGGUACGUAA-3 * 5' -uuacgtaccgu-3 * 

\ / 
\ / 

\ / 

SENSE --> 5'-ACGGUACGUAA-3' 

COMPLEX: I ! ! I ! I I ! I I I 

3'-ugccaugcauu-5 < — ANTISENSE 



V 

(PROTEIN) 
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APPROACHES BY OTHER RESEARCHERS RELATED TO ANTI SENSE STRATEGY 
A. Anti sense Expression Constructs 

Genes are composed of two strands of DNA, only one of which is 
normally transcribed into mRNA. If the protein-coding portion of the 
gene is flipped over, the gene's regulatory sequence will cause the other 
- or "wrong" - strand to be transcribed, allowing a cell to produce 
antisense RNA. The antisense RNA produced by the flipped gene will bind 
and inactivate the RNA produced by the normal gene. 

Izant JG & Weintraub H. Cell 36:1007-15 (1984) showed that the 
synthesis of the enzyme thymidine kinase (TK) could be blocked in mouse 
cells if a flipped version of the thymidine kinase gene was introduced 
into the cells along with the normal gene. 

Two independent groups (Sheehy RE et al. Proc Natl Acad Sci USA 
85:8805, 1988; Smith CJS et al. Nature 334:724, 1988; Smith CJS et al- 
Plant Mol Biol 14:369, 1990) created mush- resistant tomatoes by 
genetically engineering the plant to contain a flipped version of the 
gene for polygalacturonase, an enzyme that breaks down plant cell walls. 
As a result production of the enzyme was reduced up to 99% without 
directly disrupting the expression of other genes. Otherwise, the tomato 
plants appeared normal (Moffat AS. Science 253:510, 1991). 

Oeller et al. Science 254:437 (1991) describe reversible inhibition 
of tomato fruit senescence by antisense RNA. The authors chose one of 
the other targets to control tomato fruit ripening. They introduced into 
tomato plants an antisense RNA expression vector to 
1-aminocyclopropane-l-carboxylate (ACC) synthase, the rate-limiting 
enzyme in the biosynthetic pathway of ethylene which controls fruit 
ripening. The expression of the antisense RNA in the transgenic tomato 
plants inhibited tomato ripening and the biochemical changes associated 
with it, such as softening, color and aroma development. Administration 
of exogenous ethylene or propylene reversed the inhibitory effect- The . 
authors noted that expression of antisense RNA to ACC synthase may 



-2- 



wo 94/03596 



PCr/US93/07179 



ameliorate losses due to over-ripening of fruits and vegetables during 
transp rtation or because of lack of r frigeration* 

Day AG et al. Proc Natl Acad Sci USA 88:6721-5, 1991, report the 
application of antisense RNA technology, in plants, to achieve resistance 
to infection by a gemini virus. The authors constructed transgenic 
tobacco plants carrying a genetic cassette including an antisense DNA 
sequence of the virally encoded ALl gene of the geminivirus tomato golden 
mosaic virus (TGMV), ALl encodes a protein absolutely required for TGMY 
DNA replication. After infection of plants with TGMV, the frequency of 
symptom development was very significantly reduced in a number of 
antisense lines, and no DNA replication was seen in five of the six 
antisense lines studied, in contrast to controls. 

Han L, Yun JS & Wagner TE- Proc Natl Acad Sci USA 88:4313-4317 1991, 
genetically engineered mice to express an antisense RNA to the Moloney 
murine leukemia virus (M-MnlV) proviral packaging sequences, which are 
needed to make infectious particles of the leukemia-causing virus. When 
these transgenic mice were infected with M-MuLV on the day of birth, none 
developed any symptoms of leukemia, although 31% of the control animals 
did. 

The Wagner group's results caused molecular geneticist John Rossi of 
the city of Hope Medical Center in Duarte, California, to declare that 
"antisense is going to be a powerful anti retroviral tool." It might be 
possible, Wagner suggested, to genetically engineer lymphocytes, one of 
the major cell types infected by the AIDs virus, with antisense 
constructs that prevent the virus from replicating (Moffat AS. Science 
253:510, 1991). 

B. Synthetic Antisense RNAs or DNAs 

Melton's group (Melton DA. Proc Natl Acad Sci USA 82:144, 1985; 
Rebagliati MR & Melton DA. Cell 48:614, 1987) showed that synthesis of 
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specific proteins c uld be prev nted in frog eggs simply by injecting 
them with synthetic antisense RNAs. 

Calabretta's group (Szczylik C et al. Science 253:562-65, 1991) made 
a short, single- stranded antisense DNA, just 18 nucleotides long, that 
specifically recognizes the junction of the ABL hybrid gene resulted by 
"Philadelphia chromosome translocation"- The antisense construct stops 
the growth of the cancer cells but not that of the normal cells from 
which the cancer cells were derived. 

ANTISENSE STRATEGY RELATING TO HIV-1 
A. Antisense Oligonucleotides 

Vickers, et al. Nucleic Acids Res,, 25 19(12) :3359-68 (1991) 
describe inhibition of HIV-LTR gene expression by oligonucleotides 
targeted to the TAR elements. A series of phosphodiester and 
phosphothioate antisense oligonucleotides were constructed which 
specifically bind to the HIV TAR element. The reason for using the 
phosphothioate analogues was based on the fact that these analogues are 
more resistant to degradation by DNase activities, enabling higher 
oligonucleotide concentration inside the cells. 

Renneisen, et al, J. Biol. chem. , 25 265(27) : 16337-42 (1990), 
describe inhibition of expression of human immunodeficiency virus-1 in 
vitro by antibody- targeted liposome containing antisense RNA to the env 
region. Treatment of HIV-IIIIB infected H9 cells with in vitro 
synthesized viral env region antisense RNA encapsulated in liposomes 
targeted by antibodies specific for the T-cell receptor molecule CD3 
almost completely inhibited HIV-1 production- The viral env segment 
covered a part of exon II of HIV-1 tat gene. No anti-HIV activity could 
be detected with similarly targeted liposome-encapsulated sense env RNA 
or with pol RNA synthesized in either the sense or antisense 
orientations, or with env region antisense RNA free in solution, or 
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encapsulated in lipos mes in the absence f the targeting antibody. A 
semiquantitativ evaluation revealed that 4000-7000 RNA molecules became 
cell-bound in targeted liposomes; the half-life of the intracellularly 
present hybridizable antisense env RNA was approximately 12 hours. 
Western blots showed that antisense env RNA suppressed tat gene 
expression by approximately 90% and gplSO production by 100%. These data 
were confirmed by imiounoprecipitation studies. Northern blots (using an 
env probe) demonstrated the existence of all major HIV RNA species (9.3-, 
4.3-. and 2.0-kb mRNA) in HIV-infected cells treated with antisense env 
RNA although at a reduced level. It was concluded that the antisense env 
RNA inhibited viral protein production at the translational level. 



B. Antisense Expressing Constructs 

Rhodes et al, J. Gen. Virol., 71 (pt9 ): 1965-74 (1990), describe 
inhibition of human immunodeficiency virus replication in cell culture by 
endogenously synthesized antisense RNA. Six regions from HIV-llIlB were 
inserted into retroviral gene expressing vector in antisense 
orientation. Two of these expressed antisense RNAs were found to reduce 
significantly the replication of HIV-IIIIB in cell culture. The 
inhibitory antisense RNAs contain sequences complementary to the AUG 
initiation codon of the tat gene. Inhibition was substantial (over 70%) 
but transient. At least part of the inhibitory effect is at the 
posttranscriptional level. 

Rhodes et al, AIDS, 5(2):145-51 (1991), describe inhibition of 
heterologous strains of HIV by antisense RNA. The longer (600 bases) of 
the two inhibitory antisense RNAs inhibits replication of HIV strains RF, 
MN and SF2 to at least as great an extent as it does the homologous 
strain I I IB. The shorter one (71 bases) does not inhibit the replicatior 
of the heterologous strains. The level of inhibition of HIV-IIIIB 
replication varied according to the cell line in which it was expressed, 
but in all cases was significant. 



Rittner et al. Nucleic Acids Res., 19(7):1421-6 (1991) disclose 
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identification and analysis of antisens RNA targ t regi ns of the human 
iromiin deficiency virus type 1. Antis nse RNA, transcribed 
intracellularly from constitutive expression cassettes, inhibits the 
replication of HIV-1 as demonstrated by a quantitative microinjection 
assay in human SW480 cells. Infectious proviral HIV-1 DNA was 
co-microinj acted together with a fivefold molar excess of plasmid 
expressing antisense RNA complementary to a set of ten different HIV-1 
target regions. The most inhibitory antisense RNA expression plasmid 
were targeted against a 1 kb region with the gag open reading frame and 
against a 562 base region containing the coding sequences for the 
regulatory viral proteins tat and rev. 

Object a of the Invention 

It is an object of the invention to provide novel compounds and 
methods of treating and preventing viral infections including HIV 
infections. 

It is an object of the invention to provide therapeutic agents for 
the treatment and prevention of AIDS having: 

(1) the ability to target HIV; 

(2) the power to inactivate (disable or eliminate) HIV; 

(3) the specificity to act only on HIV; 

(4) the potential to protect the cells against HIV; 

(5) a long in vivo life. 

It is an object of the invention to provide a method of producing 
antisense viruses. 

It is an object of the invention to to provide a method of producing 
antisense-ribozyme viruses. 
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giwimarv of the Inv en1:ion 

The present invention provides an antisense virus comprising a 
viral coat sufficiently duplicative of a naturally occurring virus vxral 
coat to allow the infectivity of the naturally occurring virus, and 
nucleic acid including an antisense fragment which is antisense to a 
section of a gene encoding a transactivating protein required for the 
naturally occurring virus to replicate. The antisense fragment encodes 
antisense RNA capable of binding and inactivating bHNA encoded by the 
gene encoding a transactivating protein. 

The invention further provides a process for the production of an 
antisense virus. The process comprises the steps of a) growing under 
suitable nutrient conditions procaryotic or eucaryotic host cells 
transfected in a manner allowing expression of said antisense virus, with: 
i) a first DNA sequence including structural genes of a 

naturally occurring virus, and an antisense fragment which 
is antisense to a section of a gene encoding a 
transactivating protein required for the naturally 
occurring virus to replicate, and 
ii) a second DNA sequence encoding the transactivating protein, 
and b) isolating the antisense virus. 

Also comprehended by the invention is a method of treating or 
preventing a viral infection comprising administering to an infected 
animal a therapeutically effective amount of an antisense virus. 

Also provided is an anti sense- ribozyme virus comprising a viral coat 
sufficiently duplicative of a naturally occurring virus viral coat to 
allow the infectivity of the naturally occurring virus, and nucleic acid 
including an antisense fragment which is antisense to a section of a gene 
encoding a transactivating protein required for the naturally occurring 
virus to replicate. The antisense fragment encodes antisense RNA capable 
of binding and inactivating mRNA encoded by the gene encoding a 
transactivating protein. The antisense fragment also encodes at least 
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ne rib zyme capable of cleaving the mRNA. 

The invention further provides a process for the production of an 
anti sense ribozyme virus. The steps include a) growing under suitable 
nutrient conditions procaryotic or eucaryotic host cells transfected in a 
manner allowing expression of the antisense ribozyme virus, with: 

i) a first DNA sequence including structural genes of a 
naturally occurring virus, and an antisense fragment which 
is antisense to a section of a gene encoding a 
transactivating protein required for the naturally 
occurring virus to replicate. The antisense fragment 
encodes antisense RNA capable of binding mRNA encoded by 
the gene encoding a transactivating protein. The antisense 
fragment also encodes at least one ribozyme capable of 
cleaving the mRNA, and 

ii) a second DNA sequence encoding the transactivating protein, 
and b) isolating the antisense ribozyme virus. 

Also included in the invention is a method of treating or preventing 
a viral infection comprising administering to an infected animal a 
therapeutically effective amount of an anti sense- ribozyme virus. 

The invention also provides a method of connecting a first DNA 
segment to a second DNA segment, when the first DNA segment and the 
second DNA segment are separated by a length of DNA or located on 
different molecules. The method comprises carrying out polymerase chain 
reaction using the DNA segments as templates, and using a primer A 
complementary to the 5' end of the first DNA segment, a primer B 
complementary to the 3' end of the second DNA segment, and a bridging 
primer comprising DNA complementary to the 3' end of the first DNA 
segment as its 5' half, and DNA complementary to the 5' end of the second 
DNA segment as its 3' half, as primers. 



-8- 



PCr/US93/07179 

WO 94/03596 



ft ppf IV.^rrip fiTrn fff thf '^'»wiin>s 

HGURE 1 shows pX (short for pHXB2gptX). Three arrows point 
to three EcoNI sites. When sites #2 and #3 are eliminated. pX becomes 
pXE. 

HGURE 2 shows the genomic structure of HIV-I. Each of the nine 
known genes of fflV-l are shown, and their recognized primary functions 
sunmjarized. The 5- and 3- long terminal repeats (LTRs) containing 

regulatory sequences recognized by various host transcription factors are 
also depicted, and the positions of the Tat and Rev RNA response elements 
(TAR (transactivation response) element and Rev response element) are 
indicated. 

HGURE 3 shows a schematic diagram of the fflV-l Virion. Each 
of the virion proteins making up the envelope (gpl20- and gp4m and 
nucleocapsid (p24«. pl7«. p9«. and p7« is identified. In addition, the 
diploid RNA genome is shown associated with reverse transcriptase, an 
RNA-dependent DNA polymerase. 

HGURE 4a is a diagram of pXE, 

HGURE 4b is a diagram of pXE-a. 

HGURE 4c is a diagram of pXE-ar. 

HGURE 5 shows fbs plasmid strucdire of SFneo. 

HGURE 6 shows the genetic organizations of HIV-1, HIV-2 and 

SIV. 

HGURE 7a is a diagram of SFneo-tat(+). 
HGURE 7b is a diagram of SFneo-tat(-). 

Pfftaii<>«l Desr iir*'"" ^ Invention 

The subject invention relates to antisense viruses (ASV) and 
antisense ribozyme virases, their synthesis, and their use in treating and 
preventing viral infections. 

-9- 
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Antisense viruses are artificial viruses carrying antisense 
nucleotide sequences to their natural counterparts- Antisense RNAs 
expressed by the antisense viruses bind to the mRNAs expressed by the 
naturally occurring viruses and prevent the mRNAs from being translated 
into proteins, thereby preventing the naturally occurring virus from 
replicating. The antisense viruses maintain the infectivity of the 
naturally occurring viruses, allowing antisense RNAs to reach the mRNAs 
of the natural viruses. Antisense virus strategy provides a new therapy 
for viral, including retroviral diseases. 

The antisense virus of the invention comprises the viral coat (i.e., 
the envelope and optionally the capsid in the case of enveloped viruses, 
and the capsid in the case of viruses without an external envelope) 
sufficiently duplicative of a naturally occurring viral coat to give the 
antisense virus the infectivity of the naturally occurring virus, and 
nucleic acid including an antisense fragment which is antisense to a 
section of a gene encoding a transactivating protein required for said 
naturally occurring virus to replicate. The antisense fragment encodes 
antisense RNA which is capable of binding and inactivating mRNA encoded 
by the gene encoding a transactivating protein. Typically, the viral 
coat of the antisense virus is identical to the corresponding naturally_ 
occurring virus- The nucleic acid of the antisense virus typically 
contains all the structural genes of the naturally occurring virus. 
Further, nucleic acid typically includes all of the regulatory genes of 
the naturally occurring virus except the gene encoding the 
transactivating protein. Advantageously, the nucleic acid of the 
antisense virus is the same as the nucleic acid of the corresponding 
virus with the exception of the antisense fragment (which replaces a 
section of a gene). Since the antisense virus does not contain a gene 
required for replication of the virus, the antisense virus is replication 
defective- The antisense fragment is part or all of the gene encoding 
the protein required for replication, turned antisense. The length of 
the antisense fragment must be sufficient to permit the antisense RNA 
transcribed from the antisense fragment to bind and inactivate the mRNA 
encoded by the gene encoding the required protein of the naturally 
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occurring virus, thus thwarting r plicati n of the naturally occurring 
virus. Thus, the antisense fragment is part or all f the target gene 
turned antisense. As used herein, the term "section of a gene" refers to 
part or all of the gene(8) encoding the transactivating protein(8) 
required for the naturally occurring virus to replicate. 

The antisense virus of the subject application is made for use in 
treating or preventing disease caused by a wide variety of naturally 
occurring viruses. Antisense viruses is made to treat or prevent animal 
or plant viral infections. Further, antisense viruses are made to render 
inactive DNA as well as UNA viruses. Further, the antisense virus of the 
invention is used to treat or prevent infections caused by retroviruses. 

Since the antisense virus of the subject invention is replication 
defective, a special host cell is required to produce the antisense virus 
in vitro. The antisense virus is replication defective since it does not 
contain a gene encoding a protein required for replication. In order for 
the host cell to be able to construct an antisense virus, it must contain 
a gene encoding the protein which the antisense virus requires. This 
protein roust be a transactivating protein since it is supplied by a 
source other than the nucleic acid of the antisense virus. In order to 
avoid thfi antisense RNA encoded by the antisense fragment from binding 
the raRNA transfected from the complemental gene, the complemental gene 
sequence is typically "diversified" such that the antisense UNA will not 
bind the mRNA transcribed from the complemental gene. The amino acid 
sequence of the protein produced by the complemental gene, however, is 
the same as the corresponding protein of the naturally occurring virus. 

In order to construct the cell line which produces the antisense 
virus, the complemental gene can be transfected into the host cell 
before, at the same time, or after transfection of the host cell with the 
gene encoding the antisense virus. 

The subject invention also relates to anti sense- ribozyme viruses 
(ARV) which are the same as antisense viruses except one or more ribozyme 
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catalyst sequenc s have been inc rporated into the anti sense 
sequence (s). The anti sense- ribozyroe viruses are structured such that the 
binding of the antisense RNA to a particular mRNA will meet the 
requirements for the formation of specific structure enabling ribozymes 
to cleave the particular mRNA at predetermined positions. The ability of 
ribozymes to cleave RNA plus the binding specificity of antisense RNA 
give anti sense- ribozyme viruses the ability to eliminate the natural 
viruses. 

Antisense viruses and/or anti sense- ribozyme viruses are often 
referred to collectively herein as "antisense/ribozyme viruses" or 
"ASV/ARV" - 

Although antisense viruses and/or antisense-ribozyme viruses to 
HIV-1, HIV-2 (human immunodeficiency viruses type 1 and 2) and SIV 
(simian immunodeficiency virus) are exemplified herein, the strategy is 
applicable to other viruses. 

Definitions 

ANTISENSE/RIBOZYME HIV-1 CLONES 

A. Full-Length Proviral Molecular Clones and Antisense/Ribozyme Proviral 
Molecular Clones: 

pX: Short for pHXB2gptX. HXB2 is a functional HIV-1 

molecular clone which has been widely employed in many kinds of 
experiments all over the world- The plasmid construct of pX is shown 
in Figure !• 

The genomic structure of HIV-1 is shown in Figure 2, A schematic 
diagram of the HIV-1 virion is shown in Figure 3, 

The genetic organization of parental pX (HIV-IIIIB) is shown below. 
Only those restriction enzyme sites to be used during the construction 
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procedures are shown. 
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AS« Antiscnse B « BamHI 
N - Wdcl R - EcoRI 



C - Clal 
5 » Sail 



E B X 



E » EcoKI 
X - Xhol 



Short for PH1VNL4-3. An infectious reco«toinant HlV-1 clone 
that c^;ains DNA fron. HIV isolates NV5 (5' half, and BRU (3' half). The 

::Unation is the .ni^e KcoKX site at nt S7«.S748 The 
coding region of pNL is 18 anino acid residues longer than that of pX 
due to a Single "T" base deletion at nt 5770 The 

of pm. is almost the same as pX. but the vpr is longer, and the Clal 
and the first EcoRI site are missing. 

vif VDU env 

gag 



vpr 




LTR 
tar 



AS" Antisense B « BaaHI 
H - Udel R - BcoRI 



_ <— tat -->■ 
gfC— rev ~> 




LTR 



C - Clal 
S - Sail 



E 
X 



EcoNI 
Xhol 



pXE: Modified from pX to facilitate the construction of 

, A "T" to "C" point mutation has been 

antisense/ribozyrae clones. A T to u pw* .^.^^ 

introduced at nt 7633 in order to abolish the second Ecom 

site Within the proviral sequence. The EcoNI site outside the PJ-^»^ 

sequence has also been removed by polymerase fill-in and religation^ pXE 

is^onsidered the same as pX, but has only one EcoNI cleavage 

5966 in the whole clone. The point-mutation introduced does not change 

the protein sequences. 



Genetic organization of pXE is as follows (see also Figure 4) 



Note 
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the second EcoNI site has been deleted. The deletion, however, did not 
change the genetic organization. 

Dol " Tpr m <— 

^ — rev Ml 



LTR 



tar I 
C 



I I I I * > I 
I I I I t I • 
R NRS E N B 




AS= Antisense B = BamHI C = Clal E = EcoNI 

N = Ndel R = EcoRI S = Sail X = Xhol 

pXE-a: A DNA fragment of 171 base pairs, from nt 5795 to nt 5965, 
covering 45 amino acid codons of the N-terminus of the TAT protein, has 
been turned antisenae. Consequently, the production of the whole TAT 
protein would be eliminated. 

Genetic organization of antisense clone pXE-a is as follows (see 
also Figure 4). The sequence between Sail and EcoNI sites has been 
turned antisense. As a consequence of this inversion, the tat gene is 
destroyed and the whole clone becomes replication defective ._ 



gag 



vif vpu env 

^ ■'^"W^^^^M nef 



vpr XXX < — XXX BHMa 

LTR M "V "> H ..I-TR 

''"^tar ! I 111 ASi 1 I I 

C R KRS E N B X 

AS- Antisense B - BamHI C - Clal E - EcoNI 

N » Ndel R - EcoRI S - Sail X - Xhol 

pXE-b: Same as pXE-a plus the nt 5970 "T" has been mutated to 
"C", As the consequence of this point-mutation, the initiation codon of 
rev is erased as is the whole REV protein. 

Genetic organization of antisense clone pXE-b is as follows. The 
sequence between Sail and EcoNI sites has been turned antisense. 
Consequently, the tat gene is destroyed and the whole clone becomes 
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replication defective. Additionally, the initiation codon of rev gene 
has been mutated and the rev gene too is eliminated. 



LTR 
tar 




LTR 



I 

I 

C 



AS- Antisensc B - BamHI 
H - Ndel R - EcoRI 



I III f « 
R KRS E H 

C - Clal 
S - Sail 



E - EcoNI 
X - Xhol 



pXE-ar: A ribozyine catalytic domain has been incorporated into 
the antisense sequence of pXE-a, thus adding the RNA cleavage activity to 
the antisense clone. 

Genetic organization of antisense clone pXE-ar is similar to pXE-a 
(see Figure 4). Note the position of the ribozyme- 
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AS- Antisense B » BamHI 
N - Ndel R - EcoRI 



I I I I A* I I 
R NR5 E N 

C « Clal 
S « Sail 



B X 

E - EcoNX 
X - Xhol 



pXE-br: A ribozyme catalytic domain has been incorporated into the 
antisense sequence of pXE-b, thus adding the RNA cleavage activity to the 
antisense clone. 

Genetic organization of antisense clone pXE-br is similar to pXE-b. 
Note the position of the ribozyme. 
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B. HIV-1 Subclones: 

pX-K: Made from pX. An Ndel fragment of 1281 bps, from 

5121 to 6402, has been removed from pX and re li gated. 
Included in the removed fragment, among other things, 
are the unique NcoI-5674, SalI-5785 and a EcoNI-596e. 
pX-N contains 2 other EcoNI sites, one at nt 7631 and 
the other outside the proviral sequences. 



C R N N E B X 

AS» Antisense B « BamEI C « Clal £ » EcoKI 

N « Kdel R « EcoRI S « Sail X » Xhol 



pX-N-E: Made from pX-N with the two EcoNI sites eliminated. The, 
EcoNI-7631 has been point-mutated, and the outside 
EcoNI has been enzymatically erased. 



I III ! ! 

I III > I 

C R K K B X 



pX-E2: The fragment of Clal (829 )-BamHI (8474) from pX has 
replaced the corresponding fragment of pX-N-E, thus 
putting back the 1281-bp Ndel fragment. Also put back 
are the EcoNI sites at nt 5966 and nt 7631. 



I I I I t I I III 

C R NRS E » E B X 

AS= Antisense B = BamHI C » Clal E - EcoNI 

N " Mdel R ■= EcoRI S - Sail X « Xhol 

pXE: The EcoNI site at nt 7631 has been point-mutated 
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so the whole clone carries a unique EcoNI site at nt 

5966. see also "Full-Length M lecular Clones or Mutants above. 

— ; ' I III 5 5 { I 

I I I I I I > B V 

i R MRS E H B » 

« r » Clal E « EcoNl 

flSSS'"" l-^ s-"'^^ 

Gene-Expression Vector Clonesi 

pX-CS. A truncated HIV-1 clone made from pX and used as 

tat-expression vector. Removed from this clone are 4484 
bps, from nt 836 to nt 5319 including most part of gag, 
all' of pol and 5' half of vif open reading frames. The 
vpr, tat, rev, env, and nef genes and two LTRs are 
intact. 

:-i^-T TTTi TTT" 

' RS E M B B X 

« «T Cm Clal E • EcoNI 

AS= Antisense B - BamHI C « Ciax _ 

N « Udel R - EcoM 2 

pX-CSneo: A 1146-bp neo(r) cassette containing an Xhol- 

Sall fragment has, been inserted into the unique Xhol 
site in pX-CS. This clone has been endowed with 
neomycin resistance, but the insertion disrupts the 
nef gene. 

pX-»eo: Made from pX-CSneo. The SalI(5785)-XhoI(8896) 

(3111 bps) fragment, covering tat, rev and env coding 
regions, has been deleted from pX-CSneo. Essentially. 
pX-neo contains 2 HIV-1 LTRs with a neomycin resistant 
gene in between. This clone is used as neo(r)-only 
control . 

SEneo: Retroviral gene expression vector which employs 

Spleen Focus Foming Virus (SFFV) LTR promotor to drive the 
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express! n of the gene t be inserted Int the unique EcoRI 
site. This clone is used als as ne (r)-only control. The 
plasmid structure is shown in Figure 5. 

SFiaeo-t/r(+): Tat as well as rev reading frames in 

continuation has been inserted in right orientation 
into the EcoRI site of SFneo. This clone expresses 
sense tat and rev mRKA. 

SFneo*t/r(-): Tat as well as rev reading frames in 

continuation has been inserted in wrong orientation 
into the EcoRI site of SFneo which employs Spleen Focus 
Forming Virus (SFFV) LTR promotor to drive the 
expression of the inserted gene. This clone expresses 
anti sense tat and anti sense rev mRNA. 

SEneo-tat Inserted in right orientation into SFneo 
vector at EcoRI site the chemically synthesized 
nucleotide sequence which is different from the natural 
nucleotide sequence. This clone expresses sense 
mRNA which is translated into TAT protein with amino 
acid sequence identical to that of the natural HIV-1. 

SFneo-tat(-): Inserted in wrong orientation into SFneo 
vector at EcoRI site the chemically synthesized 
nucleotide sequence which is different from the natural 
nucleotide sequence. This clone expresses anti sense 
RNA. 

* * * 

ANTI SENSE VTRTTSFg 

An antisense virus (ASV) is an artificial virus that expresses 
antisense RNA to one or more genes of its natural counterpart. An 
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antisense virus is generally replicati n defectiv . necessxtating an 
antisense virus production system in order t pr duce large quantities of 
antisense viruses for therapeutic and preventive applications. The 
antisense virus production system comprises three components: 

(1) an antisense proviral molecular clone; 

(2) a complemental gene expression vector; 

(3) an antisense virus producer cell line (host cells). 

An antisense-ribozyme virus production system uses the same 
components (2) and (3) combined with an antisense-ribozyme provxral 
molecular clone (discussed below). 

The function and establishment of each component of the antisense 
Virus production system will be exemplified in detail for an antisense 
virus for HIV-1. Similar systems for other human viruses such as HIV-2 
and SIV are easily developed by a person skilled in the art because of 
the similarity of genetic organizations between HIV-1, HIV-2 and SIV. 
The genetic organizations of HlV-1. HIV.2 and SIV are shown in Figure 6. 
Similar systems for other types of viruses can also be developed. 

HIV-1 Antisense Proviral Clones 

An HIV-1 antisense proviral molecular clone is made from a 
functional (infectious) HIV-1 molecular clone. It retains all of the 
natural HIV-1 structures and machinery except a part (or parts) of the 
genome has been turned antisense by sequence inversion. The antisense 
proviral clone is basically an intact molecular clone but the 
inversion inactivates some functionally critical gene(s) and renders the 
Whole clone replication-defective. However, the antisense proviral cl ne 
is constructed such that the function(s) of the inversion-inactivated 
gene(s) can be complemented by gene product(s) provided by another source 
or sources than the antisense clone itself. In other words, replication 
of the antisense clone depends on gene product(s) from source(s) other 
than the antisense clone itself. . 
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In the presence f the gene product{s) pr vlded by a "c mplemental 
gene expression vector" for functional c mplementati n, the antisense 
proviral clone makes virus particles (antisense viruses) in the antisense 
virus producer cell line. The constant presence of gene product (s) is 
achieved by engineering the antisense virus producer cell line to express 
the protein(s) constitutively before, during or after the antisense 
proviral clone is transferred into the cells. With this antisense virus 
production system the antisense viruses are made in quantity in vitro. 

The antisense virus is infectious and has the same "targeting" or 
"homing" specificity as the naturally occurring (wild type) virus. The 
antisense HIV-1 virus is able to attach to and enter CD4(*) cells, 
mediated by its noraal envelope proteins (gpl20 and gp41) just as the 
natural virus. Once inside the cells, the viral nucleocapsid 
reverse-transcribes its SNA genome into DNA, then integrates the viral 
DNA into the host genome, just as the natural virus does. But the 
antisense virus is non-replicative, hence non-pathogenic, in the absence 
of the gene product(s) that the antisense virus is missing. In the case 
where the antisense virus enters a healthy cell where no viral protein is 
being synthesized for functional complementation, the antisense virus 
will not replicate. 

In the case where the antisense virus enters a cell which has 
already been infected by natural virus(es). the antisense virus will 
compete for survival (replication) with the natural virus(es) for the 
gene product (s) provided only by the latter. Once replicating, the 
antisense transcript (antisense RNA) will bind the natural transcript. 
The binding will shut off the natural viral protein synthesis; and vice 
versa. The consequence will be the inhibition, and eventually 
eradication, of the natural viruses and the antisense viruses. 

If the antisense virus enters a cell which becomes infected later by 
a natural HIV-1 virus, the dormant antisense provirus (having integrated 
into the human genome) is re- activated by the gene product (s) encoded by 
the natural virus. Its transcription produces antisense RNA which shuts 



-20- 



wo 94/03596 



PCr/US93/07179 



off the natural virus. 

,£ th. C.X1 n^r 6.=om.» infected by »y n.tur.1 HIV-1 viru. ^, 
„ti....e proviru. will r«..i. don.»t »d ,v.nta.ll, be .Um».t.d ..ti. 
^riXr.l aeatl. .£ th. cell. Pot«.ti.lly. t^e i»t.,..«d 
^:viru,. tb«.* u«.bl. to .... Vina, without '-J"^"' 
£.0. other .ourceC). will divide with the cell. thu. -«n.xn, e.ch 
d.u,ht.r cell with one copy of the K.ti.«... provit.1 OS*. 



ConstrucUon of toti..n.e BIV-1 Provir.1 Clone. 

Ih. «>ti.en.. HIV-1 pr.vir.1 .oleculer clone, ere 
«ll-toown functional (inf.ctiou.) .oleculer clones, e.,., 
«i.l«Lt-3. The «.ti.en.e B«. once tr.n,crib.d. will cerry the 
! I L. ,only .o»e .re. in «>ti.en.. orientetion, " 
J^. The eenee «rf «.ti.«..e »»* ..quence. form co«,lexe,. . b..ic 
requisite for the uitisense 6tr.tegy to work. 

I„ =... » »tisense clone ..de fro. en existing molecul.r clone 
doe. not work well with . p.rticul.r p.tienf. viru.e. »«•""• «' 
sequence heterogeneity. » iadivldyBli^d .nti..nse clone X, ^""^ 
„ . te.pl.te the very viru. .trein infecting the pert.cuLr P>^""- *" 
„ti..n.. Clone ..de in thi. w.y h.. e,.ctly the ...e "^•■>" <°°^ 
„ti.en.e orientetion, ... .nd be eble to for. P"'"' <^^^"" 7^^' 
th.t of the BIV-1 .tr.in hosted by the p.tient (described further 

below) . 

Choosing Cene(8) for Inversion in HIV-1 

An antisense clone is made by inverting part or all of one or .or 
genes of the naturally occurring virus to be neutralized To J 
for the inversion, the gene(s, must be indispensable for the repUcat. n 
of the virus, but must not be the structural genes. Structural genes, 
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i.e., in the case f HIV: gag, p i, and env, ar necessary for th 
assembly f Infectious virus particles, infecti us virus particles are 
employed as vehicles to deliver the antisense sequences effectively and 
specifically to the locations where the naturally infecting viruses 
reside. It is important for the antisense virus to preserve the natural 
devices and to retain the same -targeting" or "homing- function as ^at 
or th« naturally occurring Tirua. 

Ih. r.v^,.n. encoda. a 19-kd pho.ph.prot.in .*ich i. aaaential for 
th. r.plic.tl,n of BIV-I. n,e ».v protoin appaar, to „.rt it, 
r^atory activity at a po.t.tr«>.oripti,nal l.v.x by activating th. 
cytopla».ic «pr...i,n of th. unapllcd and singly aplicad forms of HI7-1 
™a that «,cod. th. products of th. gag. pel. and .nv g.n... i„ 1 
^.«c. Of «.v, th.s. Incoi^Ltoly spiled Viral r^aln ..,^.at.r.d 

in th. nucleus. „h.r. th.y ar. .lth.r d.gr.d«. or co»pl,t.ly splLd 
*ppar.„tly. R.v po.itiv.ly r.,ul.t., th. formation of vlru, particles 
Sine. th. r.v g». „.rlaps «th tat. it is in^.sibl. to tuL r^ 
«.tis«,.. without also affoctin, tat. Thus. th. co-^lamantal g.n. 
.«pr.ssion v.ctor would hav. to «pr..s both r.v and tat. Anoth.r 
conaidaration is that th.r. 1. a splic. Junction sit. at th. b.ginnlng of 
r.v ,.n.. If th. .pile, junction ..^.nc. 1. tum.d .v.r, th. 'pUclL 

Tz.Tr " i""^ " pot.„triur- 

Impair th. formation of infectious virus partiel... 

An antisans. proviral elon. can b. mad. that toocks out th. function 
Of th. r.v g.n. .hil. k..ping th. ..,u.nc. basically unchang«i. ai. 

S970, into a -0-. Ih. single baa. substitution will ,1, abol^ ^^I rav 
g«.. product, ,2, pr...rv. th. aplic. Junction sit.: ,3) pr.s.rv.^. 
uni^. Ecem Sit. Which is critie.l in reconstructing .„trs.n.r i^:,a, . 

(4) cr.ate a new restriction ensym. site for Avrll. facilitating 
recombinant clon. scr..ning. iiitating 

to an1r"?"°""!I' " corr..p,nds 

to an 86.«,lno-.cid nucl.ar prot.in that is .ss.„ti.l for th. r.plL.tion 
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HIV-1. TAT potently trans-activates the expr ssion of J^"^ 
The TAT protein appears to contain three primary structural 
Ta n. L-l. a proUne-rich H-ter:.nu„ a cys^ine-rich central 
olrtion and a positively charged distal segment. The cy.teine-rich 
Cair located between amino acids nun^er 21-37 of the protein) probab y 
Tdlatel dimerization of the this trans- activator, whereas the positively 
Charged distal segment is responsible for both RNA binding and 
nuclL-nucleolar localization. Thus far, no clear function has been 
"scribed to the proline-rich domain (located at the first 18 amino 
acids). TAT acts through an SNA stem-loop structure termed the 
aciasj. xi^ iTAR)" located at the beginning of all 

"transactivation response element (TARJ , iocbt.b 
HIV-l nENAs. The preponderance of evidence suggests that it acts 
primarily at the level of transcription initiation, elongation or bo^^ 
protein is trans-acting, therefore the TAT function abol shed in the 
antisense clone can be easily compensated by introducing into the 
cultured cells a TAT-expressing cassette. The TAT P-^^^^^^^ 
this cassette will regulate the replication of antisense HIV-1 whose tat 
gene has been flipped over and rendered f unctionless . 

Below is a description of a region of the tat gene being turned 
antisense. 



Analyzing the Selected Area for Inversion in the TAT GENE 

The original sequences between positions 5774 to 5986 in the HIV-1 
molecular clone HXB2 are as follows I numbering according to CenBank, 
LOCUS HIVHXB2CC, 9718 bp, VRL 25-SEP-1987. ^^^^^^^'^^ ^^^^.^..^/^^ 
immunodeficiency virus type 1 (HXB2), complete genome; HIVl/HTLV III/LAV 

reference genome. ACCESSION K034551 . ^^^'^^^^^Trd ^^2^ 

the end part of vpr (which is different between clone pNL4-3 and HXB2) 
1 begiLng of tat-1 and rev-1, the two splice acceptor (sa) sites at 
positions 5776G/5777A and 5975G/5976G, the unique restriction enzyme 
Sites of Sal-I and EcoNI (positions 5785 and 5966 respectively, both 
Shown underlined . In the subject application, all restriction enzyme 
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sites are indicated by the first base of the enzymes' rec gnition 
sequences). EcoNl is unique in plasraid clone pXE but not pX, as d tailed 
later. The area written in bold-type [nucleotides (nt) 5795-5965] is to 
be turned antisense by sequence inversion. 



5774 HXB2VPR<— I 5795 |~>TAT 
I v/sa ! I .1 

CAGAATTGGGTCTCGACATACCAGAATAGCanMC^ 

Q N W V S T * 
RIGCRHSRIGVTRQRRARNGA 

M £ P 

NLVPR<- I 

GXAGATCCTAGAC»GAGaXTGGAAGCATCC^ 

S R S * , ^ 

VDPRLEPWKHPGSQPKTACTNC 

5965 
I 

CTA!raGTAAAAAGT GriXA;il ' iU VTTGCCAA GTLUU^ ^ 



YCKKCCFHCQVCFITKALGIS 
I — >REV 5986 
I Vsa I 

ATGGCAGG AAGAAGCGGA-3 ' 
M A G R S G 

y G R K K R 



Three- and one-letter codes for amino acids: 



Amino Acid Three-letter Code One-letter Code 



Alanine 

Arginine 

Asparagine 

Aspartic Acid 

Cysteine 

Glutamic Acid 

Glutamine 

Glycine 

Histidine 

I so leucine 

Leucine 

Lysine 

Methionine 

Phenylalanine 

Proline 



Ala 


A 


Arg 


R 


Asn 


M 


Asp 


D 


Cys 


C 


Glu 


E 


Gin 


Q 


Gly 


G 


His 


H 


lie 


I 


Leu 


L 


Lys 


K 


Net 


M 


Phe 


F 


Pro 


P 
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serine ff* T 

Threonine H 



Tryptophan y 
Tyrosine ^'t^ V 
Valine 

The inversion Involves a total of 171 base pairs (bps) The 
ee^e^e involvement for HIVl was decided according to the followxn. 
To^^iderations. The se^ence involvement for other vxruses „ also 
decided according to the following considerations. 

secondly th. inv.r.io» ahould cov.r a. littl. other g.n. coding 

td rp.oo..sin, PO.-".. -—.r' 

„r.pXice ,u„c«on.. in order .or ^. ^ '^jr.::: 

r:r r:orr " "r r :«;ur...on . oo..».n.i 

gene expression vectors. 

Thirdly, th. lnv,r.lon should b. b.t»». hut clo.e po^ibl. 

« ^uni^o r..tri=tio» .nx,». .it" in order for th. 

•CO, wo unj-H unique restriction 

antisense clones to be convenient and easy. The two created. 
*„*vme sites can be either naturally existing or recontinantly created. 
Tase Of" tisense HIV-l proviral clones, the chosen uni^e 
srictlon Sites are Sail and Eco.I, both of which occ^r o-y ^ ^^^^^ 
the Whole plasmid pXE. The inversion is right ^^["^^X 
4 bps after Sail site only to spare the vpr stop codon (TAG) . 

The sequences involved are 100% homologous between HXV-1 c^nes^2 
andK.4.3 . The coding regions, however, "^^^^^^.J^^ ^/^^^ 
sequence consists of 35-bp non-encodmg area located between vp 
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(after the stop cod n of vpr and before the initiation cod n of tat). Of 
note is that the vpr in this clone is believed to have been truncated and 
rendered functionless. The inverted 171 bps sequence further consists of 
136-bp in the tat-1 open reading frame where the first 45 amino acids are 
encoded, including all seven cysteine residues in TAT protein. As a 
result of the inversion, the following 27 amino acids of TAT-1 (#46-72) 
are also eliminated because of the frame-shift and the loss of initiation 
codon. In total, the 72-amino-acid TAT-1 protein is not made. In clone 
NL4-3, the coding for tat-1 is the same as HXB2, but the carboxyl 
terminus of vpr extends 55 bps into the inverted region, including a 
20-bp overlap with tat-1 - Vpr in clone NL4-3 is believed to be intact 
and ftinctional. The two splice junction sites [splice donor (sd) and 
splice accepter (sa) are often collectively referred to as splice 
jxinctionsl immediately before and after the area are not affected by the 
inversion. The inverted area, after transcribing into mRNA, is able to 
bind and block the natural HIV-1 mRNA specifically and effectively. 

* * * 

An antisense virus proviral molecular clone is constructed from a 
functional proviral molecular clone of a naturally occurring virus by 
inverting ("turning antisense**) a section (i.e., part or all) of one or 
more genes. The inverted section of a selected gene is referred to as 
the "antisense fragment" herein. To be eligible for selection, the 
naturally occurring gene must meet two prerequisites. First, this gene 
must be required for the naturally occurring virus to replicate; and 
second, the gene must encode a protein product which is transactivating. 
Other genes are usually not affected during the antisense proviral 
molecular clone construction. In choosing the sequence of a gene to be 
inverted, special attention is paid to the gene involved and to its 
relationship to neighboring genes. 

The sequence inversion can be accomplished by conventional 
recombinant technologies. A new strategy, however, has been developed to 
construct any antisense virus proviral molecular clone easily and 
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precis ly. Re=on±,inant polymerase chain reaction (r-PCR or PGR) 
tec^oloL is ««ployed. The PCR techn logy is Icn wn to those ^^^^ 
ZtTJt see U.S. patents 4,683.195 and 4.983.728 hereby incorporated by 
«feren;e. The strate^ of the subject invention (applicable to other 
viruses as well as HIVl) comprises the steps of: 

1, inserting DNA encoding a naturally occurring virus into a DNA 
cloning vector, "olecular cloning vectors such as plasmids(incl^^^^^ 
phagemids). bacterial phage lambda and cosmids. are useful as clonxng 
vectors • 

21 selecting a ..ction of the vir.1 DNA to be inverted. The 
..l.cL .ecticn Of the vir.1 DNA i. pert or .11 o£ . ,.n. that ^code. . 
tr.n..ctiv.tin, protein pro*.ct vhich i. re^r.* 'or t^ -tor-l^ 
occurri., vlru. to replicte. Th, ..l.=t«i .ection 
fl«*.d by . unique restriction .ni,i». site A .t Its 5' end »d by 
Lother Ji,u. restriction enzyme site B .t it. 3' end. The uni,.e 
restriction enx,.. .it.. A »d B .re either n.t»r.Uy eostin, or 
recombinantly created; 

3) crryln, out . pol,».r.,e cheln reaction. ».in, the selected 
.ection of the vlr.l as O.. t.mpl.t.. -nd two .pecLUy 
-.nti.en.e primers" that t.r,.t the selected section (.n P'«''"- 
.h°re vector confining th. whole provir.l gence is typically used as 
the te-plat. - there I. no need to Lolate the "^"^^'1^1^ . 
o£theprl~r.u.«i). Antl..n.e Primer 1 co,.prl.e. .t It. 3 ■ 
portion of DNA co«.le™»t.ry to th. 5' .nd of th. .elected ..ctxon of the 
Cir.! DHA. and at It. 5" h.lf . portion of D»A f ' r^.,, . 

r..trlctlon .nzym. .It. B. Antlsense Prl.er 2 comprises at Its 3 halloa 
portion of DHA complementary to th. 3^ end of th. 
vlr.l DNA. and at it. 5- h.lf . portion of DNA containing 
rastrlction entyme sit. A. The PCR »pll£ic.ti.n P'°*=\ 
fr.,m«,t-), when aligned with the naturally occurring 

vlrH DNA. I. «.tis.n.. to the Utt.r b.tw..n the two unique re.trlct.on 
enzyme sites A and B; 
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4) Dig sting the vector containing the naturally occurring viral 
DNA with restricti n enzymes A and B t release the selected section of 
DNA; 

5) Digesting the PGR amplification product with restriction enzymes 
A and B to release the anti sense fragment; 

6) Ligating the antisense section of DNA into the vector in place 
of the selected sense section of DMA; and 

7) Isolating antisense virus proviral molecular clones by standard 
procedures of transforming appropriate strains of cells such as E. coli 
followed by colony screening. 

See also Example 1. 

Construction of Antisense HIV-2 Proviral Clones 

Methods similar to those used above with HIV-1 are employed to 
construct antisense HIV-2 proviral clone(s). The construction starts 
with an infectious HIV-2 plasmid clone named pSE (Hu W et al. Virol. 
173:624-630, 1989). A similar PCR strategy is applied to turn over the 
fragment between nt 5793 and nt 6062 totaling 270 bp in length (numbering 
according to Guyader M et al. Nature 326:662-669, 1987). This area 
covers the 3' portion of vpr and 5' portion of tat-1. Because HIV-2 VPR 
is dispensable for replication and cytopathogenicity (Dedera et al., J. 
Virol., 63:3205-3208, 1989), only TAT function has to be provided for the 
production of antisense HIV-2 viruses. 

Construction of Antisense SIV Proviral Clones 

Similarly, the construction of antisense SIV proviral clone(s) 
starts with full-length infectious SIVmac plasmid clone p239F (Kestler, 
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oAfl no9-1112 1990) or pK102 (Niedennan t al. J. Virol. 
65 = 3538-3546 1991)^ S.ml ^ ^.^^ 

b.«..n »t 329 = 543-547. 1987). 

VPR i. prob-bly di«..n»1>l« for r.pli=.tlon «>d 
production o£ anti.en.. SIV vlru.... 

construction of «nti.«>.. Provir.l CXon.. or Oth.r R.tro.iru.» 

I., construction .tr.t.,i.. for «.ti..n.. '''J^"''''^-^"""' 

, .11 r.troviru..>. Tl>« 9eM» =*" ^ " 

inciuae .ii t.0.. Wit. tr«...cti«tion 

activity. Examples are as follows: 

X„ ^ r., 9.n.. or .u.,n T-l^Photropic viru..» ,HTLV-X ^ =r.V-2, 
and of bovine leukemia virus, 

S gene of Visna Virus, 

SI «.a/or S2 ,.n.. Of E^in. Infoctiou. *n»i. Viru. (EIAV, 

.... 0'Bri.n .d. Oonotic Maps. locu. ..p. of con^lox ,.no..s. Sth 
•dition, book 1, Viru..., CSH, 1990). 

Eor onc.,.n.-cont.inin, oncoviru... (.=ut.ly "•"•'°'»'°» 
Viru,... ATV.,. th. onco,«... cont.in.d. p.rti.11, or vhoXly. 
selected to be turned antisense. 
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Construction of Anti sense Clones of Other Viruses 

The antisense virus strategies also apply to viruses which contain 
DMA (not RNA) in their virions, provided that the virus at issue has one 
or more genes whose translation products are transactivating hence whose 
inactivation by sequence inversion can be compensated by gene products 
provided by a gene-expression vector (complemental expression vector), 
and that a cell culture system is available for making an antisense virus 
producer cell line. Examples of these viruses and the genes which can be 
turned antisense are: 

X gene of hepatitis B virus, 

ElA genes of adenoviruses, 

£2 genes of papillomaviruses, 

T genes of simian virus 40 and of polyomaviruses, and 

genes encoding alpha proteins of herpes viruses 

(see SJ O'Brien ed. Genetic Maps, locus maps of complex genomes, 5th 
edition, book 1, viruses, CSH, 1990). 

* * * 



ANTISENSE-RIBOZYME VIRUSES 

Anti sense- ribozyme viruses are the same as antisense viruses but 
include one or more ribozymes in the antisense sequence(s) which cleave 
mRNA of the naturally occurring target virus. 

The sequence inversion in the aforementioned HIV- 1 antisense clones 
involved 171 base pairs. The sequence included 3' vpr (with pNL) and 5' 
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tat where it covers the initiation methionine c don and all seven 
cysieine codons of tat gene. It is possible to form stabl c mplexes 
between the antisense RNA and the tat mRNA to block the latter from being 
translated into TAT protein. However, the formation of RNA complexes 
does not mean the destruction of the RNAs. On the contrary, the complex 
formation may provide protection to the tat mRNA against degradation in 
vivo Ribozyme catalytic secjuences incorporated into the antisense RNAs, 
however are able to devitalize the bound mRNA molecules by cleaving them 
into pieces. The combination of antisense strategy with the ribozyme 
strategy magnifies the antiviral capability of the artificial viruses. 

Ribozymes are RNA molecules that catalyze RNA cleavage tCech, 
science 236, 1532-9 (1987); Uhlenbeck OC., Nature (London) 328, 596-600 
(1987) ; Forster et al. Cell 49, 211-220 (1987)]. i.e., ribozymes are RNA 
that cut RNA. The simplest of the catalytic motifs of ribozyme is the 
autocleavage domain of certain plant pathogens (viroids) and viral 
satellite RNAs (virusoids) called the hammerhead (Forster et al. Cell 49, 
211-220 1987). some other forms from the continuously expanding list of 
ribozymes are those associated with the self-splicing large ribosomal RNA 
intron of Tetrahymena, the Ml RNA component of the Ksrherichia coli RNAse 
P enzyme, and another type.of self-cleavage domains of plant viroid and 
virusoid RNA, the "hairpin" (Rossi JJ et al. AIDS Research and Human 
Retroviruses 8:183-9, 1992). The hammerhead consists of three stems and 
a catalytic center, all containing 13 conserved nucleotides: 

5 ' CAAAC ( N ) nGUX ( N ) nCUCA ( N ) GAS • 

3,5. 

Catalyst Strand — > N-N <— Substrate Strand 

N-N 
N-N 
C-G 

A-U Cleavage Site 
AX/ 
A NNNNNN3' 
N G NNNNNN5' 

N NNNNN C 
N NNNNN V 
NAG 
G A 
N 
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Ribozymes, like protein nzymes, require specific structur s for 
their catalytic activity. Natural catalytic centers may be formed by 
contiguous regions on the RNA or by regions separated by a large number 
of nucleotides. Cleavage by hammerhead ribozyme occurs 3' to the CUX 
triplet where X can be C, or A, generating 2\ 3 '-cyclic phosphate and 
5' hydroxyl termini. The essential constituents of the hammerhead can be 
on separate molecules, with one strand serving as a catalyst and the 
other as a substrate. RNA sequences containing only the conserved 
cleavage domain (GUX) can serve as compatible substrates (Sarver, et al. 
Science 247, 1222-5 1990). Ribozymes have been attempted, with successes 
to various extent, as potential therapeutic agents for acquired 
immunodeficiency syndrome (AIDS) against gag (Sarver, et al. ibid), 
integrase (Sioud et al, Proc Natl Acad Sci U S A 88, 7303-7, 1991); vif 
(Lorentzen et al. Virus Genes 5, 17-23, 1991); and other sequences 
(Goodchild et al. Arch Biochem Biophys 284, 386-91, 1991). Ribozymes 
cleavage activity can be directed to cut very specifically pre-determined 
sequences on RNA molecules, both in cell-free system and within the 
cells, by the flanking RNA sequences which are antisense to the 
ribozyme' s target, i.e., a ribozyme relies on antisense sequences to 
locate its positions of cutting. The antisense sequence binds to the 
mRNA and the ribozyme cuts the mRNA. 

Construction of Antisense-Ribozyme HIV-1 Proviral Clones 

The addition of RNA cleavage activity of ribozymes to increase the 
antisense virus's ability to neutralize a naturally occurring virus was 
accomplished by incorporating one or more of the 22-nucleotide-long 
catalytic domains, containing the consensus sequence, into the antisense 
sequences. The ribozyme (s) will cut the tat mRNA at 3' to the triplets 
GUX (X A, C or U) which occur eight times in the area that has been 
turned antisense. While three of the GUX have actually been chosen, any 
one of them is potentially a target site for ribozyme cleavage. The 
designing procedure is illustrated as follows: 

The original sequences between nt 5775 and 5986 of pX are as below. 
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The b Id- type area is where the inversion ecurs. 

5774 HXB2VPR<— I 5795 j 
kcAJ?TGGGTCTCGJ.TAGa«;iU^TA«X^ 
\\\\\\*S R I C V T R Q R R A K H^G^A^ 

NLVPR<-| 

(n:AGATcirrAc;Aci»GAGcccx«au.ccAia^ 

% \ % *R L E P W K H P G S Q P K T A C T^^N C 

YCKKCCFHCQVCFIT KALGIS 

|— >REV 5986 

! Vsa I , 

ATGGCAGGA AGAAGCGGA-3 

M A G R S G 

Y C R K K R 

Below is the sense version of the double- stranded DNA sequence, 

5774 HXB2VPR<~ 1 
Sal -I 

CTAITCTAAAAACTGXTGCTTTCAT^^ 

gataacatttttcacaacgaaagtaacggttcaaacaaagtattgttttcggaatccgragaaa_ 

j — >REV 5986 

I Vsa I 

ATGGCAGG AAGAAGCGGA-3 

taccqtce ttcttcgcet-5 ' 
o - N I 

Below is the sense version of the RNA sequence, with all GTX 
underlined. 
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CACAAXJUGGGUGUCGAO^UAGCAGAAUACGCGUyAC^ 
OTAGAUCCUAGACTACAGCCaJGGAAGattK^ 
CUAUUS^AAAAGUOTUGCUroCAUUGCCAAG^^ 
AUGGCAGGAAGAAGCGGA-3 ' 

Below is the antisense version of the DNA sequence in antisense 
proviral clone pXE-a: 

5774 HXB2VPR<~ | 



I Vsa I 

CACAATTGGG TGTCGAC ATAGagatgcctaaggcttttgttat gaaacaaa cttggcaat gaaag 
otettaaccca caactq tatcTCTACGGATTCCGAAAACAATACTlU'G^^^^^ 
Sal -I 

caacactttttacaatagcaattggtacaagcagttttaggctgacttcctggatgcttccaggg 
CTTGTGAAAAATGTTATCCTTAACCATGTTCGTCA^ 

ctctagtctaggatctactggctccatttcttgctctcctctgtcgagtaacgcctattctgCCT 
GAGATCAGATCCIAGATGACCGAGGTAAAGAACGAGAGGAGACAGCTCATTGCTC^ 

E c 

|-.>rE:v 5986 
I Vsa I 

ATGGCAGGAAGAAGCGGA-3 
taccqtcc ttcttcgcct-5 * 
o - N I 

and below is the antisense version of the RNA sequence: 
CAGAAUUGGGUGUCGACAUAGAGAUGCCUAAGGCUUUUGUUAUGAAACAAAOJUGGCAATO 
CAACACUUUUUACAAUAGCAAUUGGUACJUIGCACUUUUAGGCUGAC^ 
CaCUAGUCUAGGAUCUACUGGCUCCAUUUCUUGOJCTJCCT 
AUGGCAGGAAGAAGCGGA-3 • 

When the antisense RNA encounters the natural (sense) tat mRNA, it 
will bind the natural (sense) tat mRNA and block the translation of tat 
mRNA into TAT protein. 

CAGAAUUGGGUGUCGACAUACAGAUGCXUAAGGCUUUUGUUAUGAAACAAACUUGGC^ 

I t I I I I I I t I I I I t I I I I I I I I I 1 !!!!!! I !!!!!•• I I I * I I 
AGGCGAAGAAGGACGGUAUCCUCUACCGAXJUCCGAAAACAAUACUyUGUyUGAACCGUU 

* * * * 

CAACACUUUUUACyUOJAGCAAUUGGUACyVAGCAGUU^ 

1 1 1 1 S 1 1 } I ; 1 1 i 1 1 1 ! 1 1 1 1 i 1 1 1 ! 1 1 1 1 1 1 ! 1 1 1 1 1 1 1 ! i 1 1 ! I ! I S 1 1 ! 1 1 ! 1 i i i ! I j I ii 

nTnTnTTfiAAAAAUcmJAUCGUUAACCAUGUUCGUCAAAAUCCGACUGAAGGACCUACGAAGGUCCC 
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AUGGCAGGAAGAAGCGGA-3 ' 
ACAGCUGUGGGUUAAGAC-5 ' 

y-^' n;:: s:Sr.r^ nis-c:; vAi^i with 

L<..«UB.= rigSzyme cleavage .IMS 

underlined. 

A 22-base catalytic domain, 5 ' -CUGAUGAGGCCUGAUGGCCGAA-3 ' , or in the 
secondary structure form of 

G A U 
U GGCC G 
A CCGG A 

G G U 

U A 
C A 

can be fixed into the antiaena. aequence to replace «.y " °' 
the nucleotide, indicated by a - on top. The ribozym. f"'^ 
targeted to cut the .en.. SNA 3' to the triplet -GTX" where X atand. 
for "A", "G- or "U". 

' see Example 3 for a detailed description of construction of ribozyme 
proviral clones. 
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Construction of Antisense-Ribozyme HIV-2 Pr viral CI nes 

A ribozyme catalytic sequence can also be incorporated into the 
HIV-2 antisense clone to cleave (OTU) the tat mRNA at any one or more 
positions of 5883-5885 (COC), 6011-6013 (OTA), 6032-6034 (COG), and 
6041-6043 (CUU). These are the four CUX positions in the area'to be 
turned antisense (nt 5793-6062). 



Construction of Antisense-Ribozyme SIV Proviral Clones 

A similar ribozyme sequence can also be implanted to the antisense 
SIV proviral clone(s) to target mRNA at positions 5767-5769 (OTA) or/and 
positions 6063-6065 (CUU). The 5767-5769 OTA triplet is 18 bases before 
the tat initiation codon. The cleavage, however, deprives the tat mRNA 
of leading sequence necessary for its translation into protein. The 
6063-6065 CUU sequence is at SIV tat amino acids 59-60. 

Construction of Antisense-Ribozyme Viral Clones of Other Viruses 

The same or similar ribozyme sequences can also be fixed into other 
antisense viral clones wherever a "CUX- triplet is present in the sense 
mRNA sequences. 



»x£?F^"°**^ °^ NATURAL, ANTISENSE AND 
ANTISENSE-RIBOZYME HIV-1 MOLECULAR CLONES 

A. Natural (Wild Type) HIV-1 Clones (pXE or pX or pNL4-3) 

1. Contain intact LTRs, gag, pol, env, vif, vpr, tat, rev, vpu, nef 



genes. 



2. Replication competent: produce normal virions. 
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3. Inf ctious: virions carry on their envelope membraoies normal 
gpl20 and gp41. Cpl20 is capable of attaching to CD4 molecules (act as 
receptors for the viruses) and introducing the virion contents into the 
cells. 

4. Pathogenic: viral components are synthesized, virions assembled 
and exported, resulting in the death of host cells. 

5. Cause Illness: mainly because of CD4(+) lymphocyte depletion and 
subsequent opportunistic infections and tumors. 

B. Antisense HIV-1 Molecular Clones (pXE-a & pXE-b) 

1. Contain intact LTRs, gag, pol, env, vif, vpr, vpu genes. A 
portion of tat-1 gene is inverted. Rev is either intact (pXE-a) or 
abraded (pX£-b). 

2. Replication impaired, but can be complemented by transactivating 
factor tat (and rev for pXE-b). In the existence of tat (and rev) 
protein to provide necessary regulation, replication capability is 
restored, though may rot necessarily be complete. Virus particles can be 
formed which are otherwise normal except carrying inverted tat-1 sequence 
(and the mutated rev initiation codon). 

3. The assembled virions are infectious in that they can bind t 
CD4 molecules, can be taken up by CD4(-^) cells, be reverse-transcribed 
into double- stranded DNA, be transported to the cell nucleus, and be 
integrated into the cellular genome. In the event that the cells are 
activated and dividing, the integrated proviral sequences will also be 
copied into each daughter cell along with the cellular DNA. In the 
absence of the essential tat (and rev) protein(s), however, the proviral 
sequences cannot produce virus particles. 

4. These replication- impaired HIV-1 derivatives are non-pathogenic. 
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5. They caxm t make pe pie ill. 

6. In the presence of tat (and rev) protein(s), provided either by 
expression vectors or by naturally infecting HIV-1 viruses, the inert 
provirus can be re-activated; the provirus can be transcribed into mRNA 
and translated into proteins with the exception of tat and, in some 
cases, vpr and rev. 

7. The expressed anti sense tat RNA can bind and inactivate the 
natural sense tat mRNA, consequently inactivating the natural viruses. 

C. Antisense-Ribozyme HIV-1 Molecular Clones (pXE-ar, pXE-br) 

1. Contain intact LTRs, gag, pol, env, vif, vpr, vpu genes. A 
portion containing tat-1 is inverted and one or more ribozyme catalytic 
domains have been inserted in such portion. The rev gene is either 
intact (pX£-ar) or inactivated (pXE-br). 

2. Replication impaired, but can be complemented by trans activation 
factor, tat (and rev for pXE-br). In the existence of tat (and rev) 
protein to provide necessary regulation, replication capability are 
restored, though may not necessarily be complete. Virus particles can be 
formed which are otherwise normal except carrying inverted tat-1 sequence 
and one or more ribozyme catalytic domains (with mutated rev initiation 
codon in pXE-br) . 

3. The assembled virions are infectious in that they can bind to 
CD4 molecules, can be taken up by CD4(+) cells, be reverse- transcribed 
into double- stranded DNA, be transported to the cell nucleus, and be 
integrated into the cellular genomes. In the event that the cells are 
activated and dividing, the integrated proviral sequences will also be 
copied into each daughter cell. In the absence of the essential tat (and 
rev) protein(s), however, the proviral sequences cannot produce the 
virus particles. 
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4. Non-path genie. 

5, They cannot make people ill- 

6. In the presence of tat (and rev) protein(8), provided either by 
expression vectors or by naturally infecting HIV-1 viruses, the inert 
provirus can be re-activated; the provirus can be transcribed into mRNA 
and translated into proteins with the exception of tat and, in some 
cases, vpr and rev. 

7, The expressed anti sense tat RNA can bind and inactivate the 
natural sense tat mKNA. Moreover, the tat mRNA is cut into pieces by the 
incorporated ribozymes. Consequently the natural viruses is eliminated. 

Antisense/Ribozyme Clone Functionality Tests 

1. The natural HIV-1 clone, pX or pXE, when transfected alone, 
produces viruses which replicate rapidly as indicated by RT (reverse 
transcriptase) activity, viral protein detection, syncytium formation, 
and cell killing - positive control. 

2. The antisense/ribozyroe recombinant clone(s), when transfected 
alone, do not produce virus, as indicated by background RT activit:y, no 
syncytium formation, normal cell growth. 

3. An antisense/ribozyme clone produces viruses if co-transfected 
with a positive TAT-expression clone, or if transfected into cells 
constitutively expressing TAT protein, as indicated by raised RT 
activity, viral protein detection, possible syncytium formation, possible 
cell killing. 

4. Supernatant from cultures co-transfected with an 
antisense/ribozyme clone and a TAT-expressing clone contains virus 
particles (EM visible, RT activity, p24 ELISA, etc.). 
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5. Virus particles contained in the co-transfected supernatant can 
be taken up by CD4(^) cells. 

If the cells contain TAT, new viruses are produced as indicated by 
RT, p24, and cytopathagenesis. 

If the cells do not contain TAT, they will grow normally, even 
though the antisense/ribozyme proviral sequences might have integrated 
into the cellular DNA. 

6. An antisense/ribozyme recombinant clone co-transfected with a 
natural clone results in a period of time during which both clones are 
replicating as indicated by a considerable rise of RT activity, viral 
protein detection, syncytium formation, even cell killing. After that 
period of time, however, RT drops gradually, syncytia disappear, and 
cells grow normally. 

7. If both supernatants from natural clone-transfected. culture and 
antisense/ribozyme recombinant clone-transfected culture is used to 
infect normal CD4+ cells, infection occurs and production of virus occurs 
briefly, then the cells gradually return to normal with the viruses 
eliminated. 

8. Virus particles can be purified from cell cultures 
co-transfected with a antisense/ribozyme proviral clone and a 
TAT-expression clone. 

9. Introduction of purified antisense/ribozyme viruses into cell 
cultures producing natural viruses results in gradual decrease and 
ieventual cessation of natural virus as well as antisense/ribozyme virus 
production. 

10. When purified antisense/ribozyme virus particles are 
administered to patients infected with HIV-1, virus production decreases 
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gradually and ventually ceases. 

Individualization of Antisense/Ribe zvme Viruses 

Individualisation of an antisense/riboayme virus is achieved with an 
individualized antisense/ribozyne proviral clone. An individualized 
antisense/ribozyme proviral clone is constructed by replacing a selected 
section of a gene of an existing functional proviral clone with an 
individualized antisense/ribozyme fragment. This individualized 
antisense/ribozyme fragment is synthesized in a single PGR reaction, 
using as the template the nucleic acid specimen from a particular patient 
which contains integrated or unintegrated viral sequences. The 
antisense/ribozyme primers are the same as detailed above. The PGR 
products are used to replace the corresponding section of a gene in the 
existing proviral molecular clone. The resultant recombinant clone has 
an individualized antisense/ribozyme fragment which, when expressed into 
RNA forms a perfect duplex with (and in the case of an antisense ribozyme 
virus - cleaves the mRNA of) the particular virus strain infecting the 
particular patient. With individualization of antisense/ribozyme virus, 
it is only necessary to individualize the antisense/ribozyme fragment. 
The other components of the viral genome are those of any existing - 
functional virus clone available. 

Individualization for treatment is a distinct advantage of the 
subject invention. Mutation permits the AIDS virus to escape and finally 
destroy the human immune system. Individualization of antisense/ribozyme 
viruses is an effective way to neutralize the mutating AIDS viruses. 

The individualization method discussed are applicable to HIV-1, HIV-2 
and SIV viruses as well as other viruses (as discussed above). 
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C mplemental Gene Expression Vectors 



The antisense/ribozyme molecular clones, as mentioned above, cannot 
replicate on their own. In the case of HIV, when the antisense/ribozyme 
clones are transfected into cells, the cells do not make viruses because 
the clones are missing the tat (and rev) gene function(s). For the cells 
to be able to make viruses, the cells must provide tat (and rev) gene 
protein(8) which are necessary for, but are not produced by, the 
antisense/ribozyme clones. Gene-expression molecular clonei have 
therefore been designed to provide tat, optionally rev and vpr, functions 
which are missing from the antisense/ribozyme clones because of sequence 
inversion. pX and pNL are used for the construction of gene-expression 
clones. 

One of three following methods is employed. 

The first method is to truncate major genes of HIV-1 except tat rev 
and vpr (which overlap with each other), m practice the coding region 
for env is also kept intact along with the long terminal repeats (LTRs). 
The truncated clone, when introduced into cells, expresses tat and rev 
which trans-activate the antisense/ribozyme clones. Env and vpr proteins 
also are expressed which can help the antisense/ribozyme virus assenJMy. 

The second method is to insert the tat (and rev as well) coding 
sequences into gene expression vectors driven by promoters from sources 
other than HIV-1. 

The third option is to insert chemically synthesized tat-coding DMA 
sequence into one of the many gene expression vectors commercially 
available. Many gene-expression vectors are commercially available for 
expressing a cloned gene in mammalian cells. Such gene-expression 
vectors are described in detail in at least two laboratory manuals 
(Sambrook J, Fritsch EF & Maniatis T. Molecular Cloning, a laboratory 
manual, second edition. Cold Spring Harbor Laboratory Press. 1989, 
chapter 16; Kriegler M. Gene transfer and expression, a laborator^ 
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manual, Stockt n press, 1990, chapter 2). The ch ice of a vector is 
based on the gene to be expressed and the h st cells in which the gene 
will be expressed. For expressing HIV-1 TAT (and REV) proteins in CD4* 
cell lines of human origin, for example, a retrovirus long terminal 
repeat (LTR)-driven gene-expression vector can be used (Rosen CA et al. 
1986 J Virol 57:379-384; Vickers T et al. 1991. Nucleic Acids Res 
19:3359-68; Rhodes A & James W. 1991. AIDS 5:145-51). An advantage of 
using HIV-1 LTR-driven gene-expression vectors to express HIV-1. TAT 
protein (Cuyader M et al. 1987. Nature 326:662-9) is the reciprocal 
augmentation of the transcriptional activation and the gene-expression 
product. Other promoters vhich have been used to express HIV genes are 
SV40 regulatory sequences (Arya SK et al. 1985. Science 229:69-73; Dillon 
BJ et al 1991. J Virol 65:4490-3), Drosophila hsp70 promoter 
(Schweinfest CW et al. 1988. Gene 71:207-10), SR-a (Mallon R et al. 
1990. J Virol 64:6282-5). 

For selecting onlx the expression-vector-containing cells, neomycin 
resistance gene expression cassettes are inserted into the expression 
vectors. With the inclusion of antibiotic G418 in the culture medium, 
only those cells transfected with Neo(r) gene (together with HIV-1 tat 
and other genes) survive, assuring that every cell in the culture has the 
capability to support the making of antisense/ribozyme viruses. ^ 

All principles and methodologies presented for constructing the gene 
expression vector clones apply to HIV-2, SIV and other viruses as well as 
to HIV-1. Examples of construction of these vectors are shown in the 
Examples 5-7 below. 

Ant i sense /Ribozvm «* Virus Producer Cell Lines 

Transfection of either an antisense/ribozyme proviral clone or a 
tat-expression vector alone into cells does not result in the production 
of antisense/ribozyme virus. It is necessary to introduce both the 
antisense/ribozyme proviral clone and the tat-expression vector into the 
same cell in order for the antisense/ribozyme virus particles to be 



-43- 



wo 94/03596 



PCT/US93/07179 



made. Practically, a tat-expression vector can be tranafected into a 
cell line (Jurkat for example), selected by including C418 in the cultur 
medium, tested for the production of tat and other proteins, then kept in 
cell culture or frozen for later transfection of the antisense/ribozyme 
proviral clones. It has been shown that the Jurkat cell line can be 
stably transfected with a plasmid that constitutively expresses antisense 
tat RNA even after eight months in cell cultures (KostR et al, Clin Res; 
38(2):278A, 1990). It can be expected that the sane cell line will also 
be able to be stably transfected with a plasmid that constitutively 
expresses sense tat RNA (mSNA) and protein. 

Advantageously, the antisense/ribozyme virus producer cell lines for 
HIVs are CD4* and of human origin. CD4 positivity ensures that, once the 
cell line has been engineered to constitutively express TAT (and/or 
other) protein, the antisense/ribozyme virions released from one cell 
will be capable of infecting other cells in the culture, enabling quick 
production of large quantities of antisense/ribozyme virus stocks. Human 
origin of the producer cell lines minimizes the possibility of provoking 
adverse immunoreactions by the antisense/ribozyme inocula. 
Advantageously, the above mentioned Jurkat, a CD4+ lymphoid cell line 
frequently utilized to express HIV-1 genes (Venkatesh LK et al. PNAS 
87:8746-50,1990; Maitra RK et al. Virology 182:522-33, 1991), will be a 
good choice as an antisense/ribozyme virus producer cell line. Other 
CD4+ lymphoid cell lines such as H9, HUT78, MT4, CEM, M0LT4, and 
monocyte/macrophage cell lines such as U937, THP-1, AND GCT, frequently 
used in HIV-1 transfection experiments (Aldovini A & Feinberg MB. 1990. 
Transfection of molecularly cloned HIV genomes, in Techniques in HIV 
Research, A. Aldovini & BC Walker, eds, Stockton Press, ppl47-175), are 
useful for HIV-1 antisense/ribozyme virus producer cell lines. Some 
adherent cell lines, that are normally not susceptible to infection yet 
capable of expressing HIV genes and producing virus upon transfection, 
are regularly employed in studies of HIV gene regulation (ibid). The 
HeLa cell lines, for example, either CD4-negative (Mallon R et al. J 
Virol. 64:6282-5,1990) or better CD4-positive, HeLaCD4 and HeLaT4+ 
(Schroder HC et al. FASEB J 4:3124-30, 1990) can be used for HIV-1 
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antiaense/rib zy.e virus producer cell lines. The 293 ^uman e^ry n.c 
kidney cell line, which supports high levels of expressi n f HIV 
^tt^s-activation (Jakobovits A et al. EMBO J 9:1165-70, 1990), is another 
good host cell line. 

For producer antisense/ribozyme virions for other viruses, other 
cell lines are chosen according to considerations known to those skilled 
in the art. 

Cell line transfected with one of the HIV-1 tat-expression vectors 
are cultured in medium supplemented with antibiotic G418, and the 
surviving cells are tested for the production of HIV-1 proteins. 

pX-CSneo transfected cells express vpr, tat. rev, and env proteins; 
while pX-neo transfected cells express no viral proteins. 

SEneo-t/r(*) transfected cells express tat protein, and possibly rev 
protein; while SFneo-t/r(-) or SFneo transfected cells produce no HIV-l 
protein. 

SFneo-tatC) transfected cells express tat protein only; while 
SFneo-tat(-) or SFneo transfected cells produce no HIV-l protein at all. 

If TAT activity is detected (by CAT assay), the transfected cells 
are propagated. Part of the cells are frozen. Another part are passed 
through long-term culture to test the stability of TAT gene expression, 
cells stably expressing TAT and other proteins are used as 
antisense/ribozyme virus producer cells and are transfected with HIV-1 
antisense/ribozyme clones. The doubly transfected cells are "sayed f r 
the production of HIV-1 viruses (antisense/ribozyme viruses). P24 ELISA, 
RT activity and electronic microscopy are employed to detect the presence 
of the viruses. 

If the cells are producing the viruses, the conditioned medium 
(containing virus particles), optionally concentrated, is used to infect 
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CDM*) cells (H9, Molt-3. CEM, U937, etc.) and the product! n of progeny 
viruses is assayed. 

When a cell line is transfected with an HIV-2 or SIV TAT-expression 
vector, it becomes an antisense/ribozyme vims producer cell line for 
HIV-2 or SIV. 

Compos itions of the Invention 

Also comprehended by the invention are pharmaceutical compositions 
comprising therapeutically effective amounts of products of the invention 
together with suitable diluents, preservatives, solubilizers, 
emulsifiers. adjuvants and/or carriers useful in antiviral therapy a 
-therapeutically effective amount" as used herein refers to that amount 
which provides a therapeutic effect for a given condition and 
administration regimen. Where a product of the subject invention is used 
as a prophylactic medicine, a therapeutically effective amount is that 
amount which prevents infection. 

The compositions of the invention are liquids, gels, ointments, or 
lyophilized or otherwise dried formulations and include diluents of 
various buffer content (e.g., Tris-HCl., acetate, phosphate), pH and 
lonac strength, additives such as albumin or gelatin to prevent 
adsorption to surfaces, detergents (e.g., Tween 20, Tween 80, Pluronic 
Fee, bile acid salts), solubilizing agents (e.g., glycerol, polyethylene 
glycol), anti-oxidants (e.g., ascorbic acid, sodium metabisulfite) 
preservatives (e.g., Thimerosal, benzyl alcohol, parabens), bulking 
substances or tonicity modifiers (e.g., lactose, mannitol), covalent 
attachment of polymers such as polyethylene glycol to the protein, 
complexation with metal ions, or incorporation of the material into or 
onto particulate preparations of polymeric compounds such as polylactic 
acid, polyglycolic acid, hydrogels, etc. or into liposomes, 
microemulsions, micelles, unilamellar or multilamellar vesicles 
erythrocyte ghosts, spheroplasts, skin patches, or other known methods of 
releasing or packaging pharmaceuticals. Such compositions will influence 
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the physical state, s lability, stability, rate of in vxvo re ase, and 
rate of in vivo clearance of the antisense and/or antisense-ribozyme 
viruses "lirThoice of composition will depend on the physical and 
Chemical properties of the antisense and/or antisense-ribozyme vxruses. 
controlled or sustained release con^ositions include formulation in 
lipophilic depots (e.g., fatty acids, waxes, oils). Also comprehended by 
the invention are particulate compositions coated with polymers (e.g 
poloxamers or poloxamines) . Other embodiments of the compositions of the 
invention incorporate particulate forms protective coatings, protease 
inhibitory factors or permeation enhancers for various routes of 
administration, including parenteral, pulmonary, nasal, topical (skin 
mucosal) and oral. 

The invention also comprises compositions including one or more 
a^.Utional antiviral factors such as 3'-azidodeoxythymidine (AZT) or 
r :30xycytidine (ddC). The administration of antisense and/or 
ar^tisense-ribozyme viruses with other antiviral agents, is temporally 
spaced or given together. The route of administration may be 
intravenous, intraperitoneal sub-cutaneous, intramuscular, topical, oral 
or nasal. 

Antisense and/or antisense-ribozyme viruses of the invention may be 
"labelled" by association with a detectable marker substance (e.g., 
radiolabeled, enzyme labelled, or biotinylated) . 

The following examples are offered to more fully illustrate the 
invention, but are not to be construed as limiting the scope thereof. 

THE EXAMPLES 

Example 1: PGR STRATEGY FOR ANTISENSE CONSTRUCTION 

A PCR strategy was developed to accomplish the sequence inversion 
(flip-over). For ease in understanding, the amino acid sequences encoded 
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by the DNA is not sho%m and the c mplementary DNA strand (negative 
strand, antisense strand, written in small characters) is shown for the 
DNA sequence of the tat gene to be inverted: 

CACAATTGGG TGTCGAC ATAGCAGAAJACXyiCnrTACrre 

gtcttaacccacaactgtatcgtcttatccgcaatgagctgtctcctctcgttctttacctcggt 
Sal -I 

GTAGATCXTAGACTAGAGCCCTGG AACCym:CAGG AAGT^ 

catctaggatctgatctcgggaccttcgtaggtccttcagtcggattttgacgaacatggttaac 

gataacatttttcacaacgaaagtaacggttcaaacaaagtattgttttcggaatccgtagaaaa 

ATGGCAGGAAGAAGCGGA-3 ' 
taccqtcc ttcttcgcct-5 ' 
Eco-NI 

A special design for the primers (antisense primers) is essential 
for the recombinant PGR strategy to be successful and convenient. 
Basically, each antisense primer comprises two parts which are separated 
in the natural DNA sequence: an annealing sequence corresponding to one 
end of the 171-bp fragment to be turned over and a 15-base tail from the 
other side immediately beyond the area to be inverted. The 5' antisense 
primer is to anneal to the negative strand at the beginning of the 
sequence to be inverted, but it has a 15-base tail whose sequence 
corresponds to the 15 bases right after the sequence to be inverted where 
the unique EcoNI site is located. On the other hand, the 3* antisense 
primer is to anneal to the positive strand at the end of the sequence to 
be inverted, but it has a 15-base tail whose sequence corresponds to the 
15 bases right before the sequence to be inverted where the unique Sail 
site is located. In the primers shown below, capital letters represent 
sequence from positive (sense) strand and small letters are used for the 
negative (antisense) strand. 

Eco-NI 
tctt cctaccataqg 

CAGAATAGGCGTTACTCGACAGAG 
CAGAATTGGGT GTCGAC ATAGCAGAATAGGCGTTACTCGACAGAGGAGAGCAAGAAATGGAGCCA 
Qtcttaaccca caqctq tatcqtcttatccqcaatgaqctgtctcctctcgttctttacctcggt 
Sal -I 
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E c 
GAT 

o - N I 
ATGGCAGGAAGAAGCGGA-3 
taccgtccttcttcgcct-5 ' 

ACAGCTGTCGGT 
Sal -I 

Primers for flip-over PGR are. as follows. The numbering is of the 
natural proviral sequences. 

Trev 5795, 5' anti sense primer: 
REV<— I 

TCT T CC^TCC CAT AGG GAG AAT AGG CGT TAG TCG ACA GAG 

I — ^ 

TAILrev(5980-5966) ' Annealing sequence (5795-5818) 

SEQ ID N0:1 

TCTTCCTGCC ATAGGCAGAA TAGGCGTTAC TCGACAGAG 

Tvpr 5965, 3* anti sense primer: 

5960 5952 

VPR< 1 1 ' 

Sal-I i S a u - I 

TGG GTGTCGACA TAG AGA TGC CTA AGG CTT TTG TTA TG 

I . — -—---> 

TAlLvpr( 5780-5794) 'Annealing sequence (5965-5943) 



39 
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SEQ ID N0:2 

TGGGTCTCGA CATAGAGATG CCTAAGGCTT TTGTTATG 38 

The PGR procedure can be illustrated as follows. 

Original positive strand of pX, written from 5' to 2\ (SSS) and 
(EEE) respectively stand for Sail site and EcoNI site on positive strand. 

++++4. + ++SSS+ + + + + ++* + + + + + +++ + + +++++ + + +++ + ^ + + + + + 4; 

Original negative (antisense) strand of pX, written from 3' to 5' 
(sss) and <eee) respectively stand for Sail site and EcoNI site on 
negative strand. 



-sss • eee- 



5' antisense primer, whose annealing part is of positive strand 
while whose tail is of negative strand with EcoNI (eee) site. 



-"-eee+++++++++> 



3' antisense primer, whose annealing part is of negative strand 
while whose tail is of positive strand with Sail (SSS) site* 



-SSS+++ 



Align the antisense primers with both strands of the original pX 
which is to be utilized as template in the recombinant PGR reactions. 

-~eee+++++++++> 

+ '^ + + + "«- + + SSS+ + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + ^.+ ++£££ + 



•sss • eee- 



< SSS+++ 

The PGR procedure can be illustrated as follows. 
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ssa — - 



++++++++S 



ee 



I PGR 

I Denaturation 

V 



-sss- 



++++++++SSS+++++ 



-eee- 



} PGR 

{ Annealing 




++++ 



eee+++++++++> 

sss 



++++++++SSS+++++++'' 
— - — sss — 



■sss- 



SSS 



-eee- 



I PGR 

I Extension 

V 

I.+++++++++++++++++++++EEE++++++++ 
< SSS+++ 



J.++++++++++++++++++EEE++++++++ 
' eee 

I PGR 

I Second cycle 

V 

i.+++++-f4-+++++EEE++++++++ 
.< SSS+++ 



+ + + + -►+++ + + + + SSS 

<— . SSS+++ 



< SSS*** 

eee+++++++++>+++++++++++++++++'^***'*'***********^^^******^ 

- — - — eee 



-sss- 



I PGR 

I Third cycle 

V 
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SSS -r < SSS + + + 

SSS < SSS+++ 

+-^+EEE SSS+++ 

eee+++++*+++>++*+*+++++*+*++*****"*'*"*'*******^**sss 

SSS < SSS+++ 

.--eee++++++*++>+*+++'*'++********************'*'***'*'EEE++++++++ 
+++EEE < SSS+++ 

+++EEE < SSS+++ 

^ee++++++4^++>+++++++++++++4+++++++++++++++++++EEE++++++++ 

+++EEE < SSS+++ 

eee-«-++++++++>++++++++++++'*'+++++*+++++*+"*''*"*****EEE++>+++"*'+ 

SSS eee 

j PGR 

{ 35 cycles 

I The majority of the fragments 
I will be 

V 

eee+++++*+++>++'*'+++++++++++++++'»' "♦'**+**S3S 

+++EEE < SSS+++ 

To align this fragment with the original strands in term of the 
restriction sites Sail and EcoNI, it will be necessary to turn the PGR 
fragment around. 

Original strands: 

++4-+++++SSS++++++++++++*+++++++++++++++++++++++*++****EE^ 
SSS eee ~ 

PGR inverted fragment: 

-►-►+SSS > EEE+++ 

sss++++++++'»'++++++"*'++'»-+++++++++*''*+"*'+<+****"'''*'"*'*eee--- 

The actual sequence of the PGR inverted fragment (anti sense 
fragment) : 
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5 • -TrjirrrfrrccACATACaaatacctaaqqcttttgttat gaaacaaact tggcaatgaaag 

Sal -I 



ATGGCAGGA AGA-3' 
taccgtccttct-5 ' 

SEQ ID NO: 3 (AHTISENSE FRAGMENT) " 

TGGGTGTCGA CATAGAGATG CCTAAGGCTT TTGTTATGAA ACAAACTTGG 50 

CAATGAAAGC AACACTTTTT ACAATAGCAA TTGGTACAAG CAGTTTTAGG 100 

CTGACTTCCT GCATGCTTCC AGGGCTCTAG TCTAGGATCT ACTGCCTCCA 150 

TTTCTTGCTC TCCTCTGTCG AGTAACGCCT ATTCTGCCTA TGGCAGGAAG A 201 

Antisense molecular clones are made by "swapping" the original 
Sall-EcoNI fragment on pXE with the PCR-made Sall-EcoNI fragment. 



Original strands: 



K+++4-+++++++++EEE++++++++ 



— sss 

PGR inverted fragment: - 

+++SSS > EEE+++ 

j Restriction digestion 
; with Sail & EcoNI 
I simultaneously 

sS+++++++*+++++++++++++++++++****************^ EE+++++++ 
— -ee e——— — 

85 S- 
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+++S SS > S EE+++ 



88 



e . 



Ligation with 
T4 DNA ligase 

(Note the bo Id- type fragments 
will be li gated together.) 

V 

^^+^+4.++SSS > EEE++++++++ 

In the anti sense proviral clone, the sequence between nt 5774 and 
5986 will become as follows. Note in the f lipped-over bold- type area the 
negative (antisense) strand has been linked to the original positive 
(sense) strand. 

5774 HXB2VPR<~; 
I \/sa I 

CAGAATTGGG TGTCGAC ATAGagatgcctaaggcttttgttat gaaacaaa cttggcaat gaaag 
atettaaccc acaactq tatcTCTACGGATIXXGAAAACAATAClTlVl^^^^ 
Sal -I 

caacactttttacaatagcaattggtacaagcagttttaggctgacttcctggatgcttccaggg 
GTTGTGAAAAATGTIierCCnrTAACCATGTTC 

ctctagtctaggatctactggctccatttcttgctctcctctgtcgagtaacgcctattctgCCT 
GAGATCAGATCCTAGATGACCGAGGTAAAGAACGAGAGGAGACAGCrrcATTGCGGATAAGACs^ 

. E C 

|~>REV 5986 
I Vsa I 

ATGGCAGGAAGAAGCGGA-3 ' 
taccatccttcttcgcct-5 ' 
o - N I 

During transcription where the positive strand of the 
double- stranded DNA is. transcribed into RNA, the above shown sequence 
will be transcribed into antisense RNA against natural tat mRNA. 



CAGAAUUGGGUGUCGACAUAGAGAUGCCUAAGGCUUUUGTOAUGAAACAAACinJGGCAAUGAAAG 
CAACAOJUUUUACAAUAGCyU^UUGGUACAAGCy^GUUUUAG 
CUOJAGUCUAGGAUCTACUGGCUCCAUUUCOTGCUCUCCUCUGUCGAGUAACGC 
AUGGCAGGAAGAAGCGGA-3 ' 

The antisense RNA will bind complementarily to the natural (sense) 
tat mRNA and block the translation of tat mRNA into TAT protein. 
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c»»cioHn™«c«»»oci^^ 

AUGCCAGCAAGAAGCGGA-3 * 
ACAGCUGUGGGUUAACAC-5 ' 

Upper Line: Antisense RNA sequence, written 5;-->3;; 
LoSer line: Natural mRNA sequence, written 3 - >5 . 

By binding together, the natural mRNA and the antisense RNA block 
each other fro. being translated into proteins, resulting in^the 
depletion of tat protein, and subsequently all vxral protexns, for the 
natural as well as the antisense HIV-1 viruses. 



Tor eliminating the rev gene at the same time, the rev initiation 
codon was changed into a non-initiation one: 

5962 5980 

original sequence ATCTCCTATGGCAGGAACA-3 ' 
EcoNI recognition CCTNNNNNACG 
Rev initiation codon ATG 

S^M^e^ience ATCTCCTaSgCAGGAAGA-3 ' 
New Avrll site CCTAGG 

Primers for flip-over PGR are as follows. The numbering is of th 
natural sequences. 
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Trev(-) 5795 (name), 5' antisense primer 

REV< 1 

EcoNI I 

XCT TCC TGC CCT AGG CAG AAT AGG CGT TAG TCG ACA GAG 
TAILrev- ( 5980-5966) ' Annealing sequence (5795-5818) 
SEQ ID NO: 4 

TCTTCCTGCC CTAGGCAGAA. TAGGCGTTAC TCGACAGAG 39 
Tvpr 5965, 3 'antisense primer, SEQ ID N0:2 as aforementioned. 

5960 5952 

VPR< 1 I I 

Sal-I I S a u - I 
TGG GTGTCGACA TAG AGA TGC CTA AGG CTT TTG TTA TG 
I . > 

TAILvpr( 5780-5794) Annealing seguence( 5965-5943 ) 

The PGR procedure used was exactly the same as aforementioned. The 
actual sequence of the PGR inverted fragment (antisense fragment) using 
primers Trev(-) 5795 and Tvpr 5965 is as follows. 



5 ' *TGGGT GTCGAC ATAGagatgcctaaggcttttgttat gaaacaaa cttggcaat gaaag 
3 ' -aecca caacta tatcTCTACGGATTCCGAAAACAATAClTlOlli'l^AACCGTTAu^^^^ 
Sal -I 

caacactttttacaatagcaattggtacaagcagttttaggctgacttcctggatgcttccaggg 
GTTGTGAAAAATGTTATCGTTAACCATCTTCGTCAAAATCCGACTGAAGGACCTACGAAGGTCCC 

£ c 




o - N I 
AGGGCAGGAAGA-3 ' 
tcccqtcc ttct- 5 • 

SEQ ID N0:5 [REV(-) ANTISENSE FRAGMENT] 

TGGGTGTCGA CATAGAGATG CCTAAGGCTT TTGTTATGAA ACAAACTTGG 50 
CAATGAAAGC AACACTTTTT ACAATAGCAA TTGGTACAAG CAGTTTTAGG 100 
CTGACTTCCT GGATGCTTCC AGGGCTCTAG TCTAGGATCT ACTGGCTCCA 150 
TTTCTTGCTC TCCTCTGTCG AGTAACGCCT ATTCTGCCTA GGGCAGGAAG A 201 

Note that SEQ ID NO: 5 is only a single base pair different from SEQ 
ID N0:3, i.e., the base at position 191 is a "T" in SEQ ID N0:3 but a "G" 
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in SEQ ID N0:5. 



R,v(-) «.ti.en.e .oLcul.r clones c«. b. -d. by repUcing th. 
original Sall-Ecom £r„~nt on pXT with the S.Xl-E=om fr.,»«>t on SKa 



ID N0;5 




The flip-over PCR system consisted of: 



2 ul 

pX, 1 pg/ml 5 ^1 

Reaction buffer, lOx =• 
Tris-HCl, pHB.3 500 mM 
KCl 500 mM 

MgCl2 20 mM 

Gelatine 0.05 % 

dNTP, 2.5 mM each ^ ^ , j ul 

Primer Tvpr 5965, 60 »ig/ml Z 
Primer Trev 5795, 60 ng/ml z 

(or Trevl-15795) ^ , , o 2 ul 

AmpliTaq DNA polymerase, 5 u/mI o.^ ^l 

(from Perkin Elmer Cetus) 

Double distilled water III!-!!- 

50.0 ul 

The samples, with proper controls, were run on a DNA Thermal Cycler 
(Perkin Elmer Cetus) for 35 cycles each consisting of 94 C for 20 
seconds, 60»C for 20 seconds and 74"C for 30 seconds. 

10 m of each PCR product was run on agarose gel (NuSieve 3:1, FMC). 
The correct size of the PCR product is 201 base pairs, which was 
confirmed by agarose gel electrophoresis. 

Each inverted PCR product (antisense fragment) was extracted with 
phenol-chloroform-isoamyl alcohol (25:24:1), precipitated with alcohol 
Ld resuspended in 20 ,1 of TE solution (10 ^ Tris-HCl, pH 7^5 and 1 n« 
EDTA). The purified PCR product was then mixed with plasmxd DNA of pXE 
and digested with both restriction enzymes Sail and EcoNI: 
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Inv rt d PGR pr duct, extracted 5 \il 

pXE, 500 ug/ml 2 \il 

Reaction buffer, lOx ^ »il 

Tris-acetate, pH 7.9 20 mM 
Magnesium acetate 10 mM 

Potassium acetate 50 mM 

1 mM 

EcoNI, 15 u/nl, NEB 1 
sal I, 10 u/Ml, NEB J. ^} 

Double distilled water 3" Ml 



50 ^1 

Incubation was at ST'C for at least 3 hours. 

Ten microliter of the digest was run on agarose gel to make sure 
that the digestion had been satisfactory. The digest was 
heat-inactivated at 65"C for 10 minutes and used directly for ligation: 

Above digest, xindiluted 4 nl 

Ligase reaction buffer, 5x 4 pi 

T4 DNA ligase, 1 u/nl, BRL 1 1^1 

Doxible distilled water 11 Hi 



20 ul ~ 

Incubation was at 15 "C for at least 3 hours. 

The PCR-derived Sail - EcoNI fragment, containing the inverted 
sequence and outnumbering the plasmid-derived Sail -EcoNI fragment, 
competitively inserted itself into the Sail and EcoNI sites of the 
plasmid molecule. 

One microliter of the 10-fold dilution of the ligation was used to 
transform 20 \il of competent HBlOl E. Coli cells according to the 
instruction of the manufacturer (BRL). Briefly, 1 m of the diluted 
ligation was gently mixed with the cells in a 1.5 ml microcentrifuge 
tube. After placing in ice for 30 minutes, the cells were heat shocked 
at 42 "C for 45 seconds then quickly returned to ice for two more 
minutes. 180 ul of S.O-C. Solution (2% tryptone, 0.5% yeast extract, 10 
mH NaCl, 2.5 mM KCl, 10 mM MgC12, 10 mM MgS04, 20 mM glucose) was added 
and mixed, then the tube was incubated at 37 »C with constant agitation 
for 1 hour. The cells were spread on LB agar plate supplemented with 
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incubated at 37«C overnight. Colonies wer P_ 50 
.upple»ented with a«piciUin <^»^>;^^^;/;; ;;3ha.er. incubator 
ug/»l. The bacterial cultures were placed 



Hg/ml 
overnight 



Ih. b.=t.rl. »re » ,„ol.«l.r CUning. • l.bor.t.t, 

to s^broot, mt«h Laboratory fr.... "89) with 

««m.I. ..cond .diticn, cold ^^'^^ ^ ..^ o,.„i*t 

,lcroc.ntrl£u,. for 1 .inuM. W P ^ pH 

or solution . .SO -H SoXutio. X. ,0.2 » N.OH, 

8.0). After .ddina 200 m of £t.»l.ly P P 150 ul of cold 

« »S,. tl,e t«b. «. i»v.rt.d ..vera ^^^/.^.^ , I,, .1, 

solution in (5 « pot...i™ .«t.t. 60 -l- ^. ^. 

B20 28.5 .a, v.. .dd.d .»d th. tube ''""""^"//J^,,.^., „ . «w tub. 
.icroc«,trifu,.d for 2 .iuute.. the *;.^,:^:r,„=2t=X,. 

- :~:;rirn'ro; :^«x. .Led .nc .it^ 

'4;ttL3 ".--ir::::1e:.end.d in 30 .1 of « .oxutlon ,10 ^ 
Iri.-HOl pH 7.5, 1 "M EOTA). 

SCREESIHO FOR JOTISEHSE «.I«»L«, CLOHES 

«nipX...id. ..re ecreened for -" "^X^J^ZX T^"- ,el 
pri..ril, b, restriction •"^""-i""/" Th Jr was n».ed 
electrophoree... The clone 'i;;:!^ na^ed pXE-b. 

pXE.,, u>d the done constructed with Irevl ) P 

Co.p.rin, th. ori,in.l .ith the -t::r/;rtIo:"« 
the S.U-X ,B,U361, reatriction ««y~ "^^ ^ ^f/X'.. Z diff.r-nt 
ha. b.«, »o,ed to poaition 5800 in ^J^"^;^ ,,o„. 
position, of this sau-l sit. in th. natural ver 
..ployed for eaay screening for th. antis.ns. clone.. 
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AS= Anti sense B = BanEI 
N = Ndel R = EcoRI 

Original proviral clone, pXE: 
gag 



LTR 



C = Clal 
S = Sail 



E = EcoNI 
X = Xhol 



tar ! 
C 



vif 
vpr 



nef 



m <~ tat ~>B 
H< — rev ~> H 



t III 

I Ml 

R NRS 



I I 
I I 

E K 

\ 



t 
i 

B 



I 
I 

X 



LTR 



VPR<-~j 
Sal-I j 



171 base pairs 



->REV 
EcqKI 



Fragment sizes: 
Saul positions: 

Fragment sizes: 
Avrll positions: 



5795 5965 

Sau-I(5954) 

/(3702)V 1360*V 1695 \ 
(2252) 5954 7314 9009 

/ 3420 V 230 V 2339 \ 
2010 5430 5660 7999 



Anti sense proviral clone« pXE-a: 
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tar 



I 111 AS! ; 

R HRS S M 



•Vlivlvvl'. .-.V.-.* -.v- 



f ! 



Sal-I i P*^* 



I >BEV 



•!<- 

5965 



5795 



Sau-1(5800) 



Fragment sizes: 
Saul positions: 

Fragment sizes: 
Avrll positions: 



/(3548)V 1514 V 1695 \ 
(2252) 5800 7314 9009 

/ 3420 V 230 V 2339 \ 
2010 5430 5660 7999 



Antisenae proviral clone, pXE-b 



vif 



gag 




LTR 

■ - 

tar 



vpr XXX <— XXX ~-' 

^_ X<— XXX — > 



LTR 



I 
I 

C 



I !!! AS| 



I III 
R NRS 

/ 

/ 



t 
I 

E K 



I 
I 

B 



VPR< 1 

Sal-I I 171 base pairs 



I >REV 



5965 
I 

Sau-I(5800) 



5795 Avrll (5966) 
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Fragment sizes: /(3548)V 1514 V 1695 \ 

Saul positi na: (2252) 5800 7314 9009 

Fragment sizes: / 3420 V 230 V 306 V 2033 \ 

Avrll positions: 2010 5430 5660 5966 7999 

Restriction Digestion Patterns of Molecular HIV-1 
(HXB2) Full-Length Clones and Major Subclones. 

If the exact size of a particular fragment (band) is known, it is 
indicated by the exact number in bp (base pairs); If the exact size is 
not known, the estimated size is indicated by kb (kilobase). Bold-type 
are major clones or bands of interest for the particular restriction 
enzyme digestion. 

X = pX E = pXE Ea = pXE-a Eb = pXE-b 

Ear = pXE-ar Ebr = pXE-br N = pX-N NE = pX-N-E 

E2 = PX-E2 E = pXE XCS = pX-CS 

Bsu36I (Saul) 

X E Ea Eb Ear Ebr N NE E2 E XCS 

13.0kb - 
8.5kb 

1695bp - 
1514bp 

1360bp - - . _ _ 

0,7kb - 

* This band is 21 base pairs larger than 1514 in pXE-ar 
and pXE-br because of the inclusion of the ribozyme 
catalytic sequence. 

Bsu36I (Saul) is an excellent choice for distinguishing 
antisense/ribozyme proviral clones from the wild type clones (either pX 
or pXE). The 1360-base-pair wild type band changes to 1514 base pairs in 
antisense clones and to 1535 in antisense-monoribozyme clones. For the 
antisense-bi- and tri-ribozyme clones (not listed in the chart), this 
band will become 1556 (1514 + 21x2) and 1577 base pairs (1514 + 21 x 3). 
When samples are run side by side, the distinction between wild type 
clones and antisense/ribozyme clones is unmistakably obvious. 
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Note: The restriction sites are cited fr m CeneBank. The Saul site 
at nt 2252 is missing in pX as is in pXE. Missing with the site is the 
3702-bp band. 

Restriction digestion patterns of molecular HIV-1 (HXB2) full-length 
clones and major subclones. 

Avrll 

X E Ea Eb Ear Ebr N NE E2 E XCS 
3420bp - 

2339bp - - - - ? ? - - ? 

2033bp 



230bp 

These restriction site reorganizations were confirmed by individual 
or combined enzyme digestion followed by agarose gel electrophoreses. 

Armed with 171-base antisense RNA targeted to the essential tat gene 
of HIV-1 while still carrying all information of HIV-1, the antisense 
proviral clones pXE-a and pXE-b will make artificial antisense viruses 
which will neutralize the natural HIV-1 viruses. 



Open Reading Frames in the Inverted Sequence 

Analyzing the inverted 171 base pairs, two open reading frames 
(ORES) were found with methionine initiation codon of 12 and 25 amino 
acids in length respectively. Global screening of PC/gene data bases has 
found no match, even allowing up to eight mismatches. The binding by 
natural mRNA blocks the formation of these putative proteins, just as it 
blocks the natural mRNA. 
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Open reading frames with methi nine initiation c d ns: 
5 ♦ -AGATGCCnUVKXrmTCrn»TGAA^^ 

H K 

MPKAFVMKETW g * 
CAACACTTTTTACAATAGaUlTTC(7iaC»AGCACrrT^ 

AT LFTIAIGTSSFRLTSWMLPG 

CTCTAGICtAGGATCIACTGGCTCa a TiUllU.lUilXIC^ ' 
L * 

The tat coding region in relation to the antisense area is shown in 
the sequence below. Bold- type represents inverted sequence. Nucleotide 
sequence in small characters is extension sequence beyond the PGR 
product . 

5 • -TGCGTGTCGACATAG=AGATGCCiaWiGGCTrTTGTTATGAAAaUVACTTGGCAATGAAA^ 
TAT aa sequence: < — I — G — L — A — K — T — I F :C Q C B - 

-Se^SrSJliS- M P K A F V M K E T W Q * 
CAACACTTTrrACAATAGCAATTGGXACAAGCAGTTTTAGGCrGACTTCCTGGATGC^^ 
f. n _jr X C~Y— C K T — C — A — T — K — P — Q — S — G — P — H — K — W — P- 

a"t letiaigtssfrltswmlpg 

CTCTAGTCTAGGATCTACICGCTCCATTECTTGCrcrCCTCTGTCGACrAACG^ 
-E— L~R— P~D— V— P— E— M 
L * 

TATGGCAGGAAGAagcggagacagcgacgaagagctcatcagaacagtcagactcatcaagcttc 
MACRSGDSDEELIRTVRLIKL 

j__>rev protein (unchanged) 

tctatcaaagcagtaagtagtacatgt-3 ' 
L y Q S S K * 

Example 3: ANTISEMSE-(MONO)RIBOZYME PROVIRAL CLONES 

The 22 -nucleotide- long catalytic domain was fixed into the antisense 
sequences to replace a "G" . and thus was directed to cut the sense RNA at 
cue which occurs once on tat mRNA: 

CAGAAUUGGGUGUCGACAUAGAGAUGCCUAAGGCUUUUGUUAUGAAACAAACOUGGCAAUGAAAG 

1 1 ! 1 1 1 1 1 1 1 1 1 1 1 1 1 ! ; I ! ! 1 1 1 1 1 1 1 1 1 1 1 ! i 1 1 1 1 ! ! i I i ! 

AGGCGAAGAAGGACGGUAUCCUCUACGGAUUCCGAAAACAAUACUinJGUyyGAACCGUUACUUUC 
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G A U 
U GGCC G 

A CCGG A 

G G U 

U A 
C A 

AC UUC X; UGG AUGCUUCCAGGG 



CAACACUUUinJACAAUAGCAAXnJGGUACAAGCAGUmJOAGGCU ACTOCXXroC^ 

AUGGCAGGAACAAGCCGA-3 • 
ACAGCOGUGGGUUAAGAC-S ' 

Upper Line: Antisense RNA sequence, written 5'— >3', with 
^ one ribozyme catalytic domain incorporated. 

Lower lines Natural inRNA sequence, written 3 -->5 , with 

all potential ribozyme cleavage sites 

underlined. 

The antisense RNA sequences with the incorporated ribozyme domain 
are written into DNA with complementary sequences added. 

(5774) 

kGAATTGGGTGTCGACATAGAGATGCCl»AGGCTTTTGTTATGAAA(»AAC^^ : 

j < Ribozyme >| 

aU^CACTTTTXA(yATAGCAATTGGTACAAGCAGTTTTAGG<^ 

i;ii^wJJJ™iATCG^ 

ACTTCCXCGATGCTTCaVGGGCTCTAGTCTAGGATCT^ 
i^jj^kA^rTA^GiJlGGTCC 

(5986) 

CCACTAACGCCTATTCTGCCTATGGCAGGAAGAAGCGGA-3 * 

H!ll!ll!IIII!llli!J!!i!S5!!l!!l!!ll!S! ^, 

GCTO^TTCCGGATAAGACGGATACCGTCOT 

PGR technology was utilized to incorporate the ribozyme catalytic 
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domain. To acc mplish this, three primers were designed which c rresp nd 
to the positions sh vn below. 

5774 I Tvpr 5965 >| 

j TGGGTGTCGACATAGAGATGCCTAAGG CTTTTG TTATG 

CAGAATTGGGTGTCGACATAGAGAIGCCTAAGGCniTTGTTATC 

! ! ! t ! ! ! I i i I i 1 1 ! { i { ! { 1 1 ! { { 1 1 1 { ! { i { ! I ! { i I ! } I } ! ! ! { I { { ! t ! { ! I { ! ! ! { { I ! I 

CTCTTAACCCACAGCTGTATCTCTAa^SATTCCGAAAACAATAC^^ 

|< Ribozyme — ~>| 

CAACACriTTrrACAATAGCAATTGGTACAAGCAGT^ 

lllllllllllll! jllllllllllllllllllllllllllllll!!!^ 

GTTGTGAAAAATGTTATCGTTAACCATGTTC^^ 

CATGTTCGTCAAAATCCGAGACTACTCCGGACTACCGGCTT 
|< Pribo 5859-RB-5897 — 

ACTTCCTGGATGCraCCAGGGC^ 

1 1 1 1 i ! i 1 1 1 ! 1 1 ! ! ! I ! 1 1 ! 1 1 ! I ! ! ! 1 1 ! 1 1 1 1 1 1 ! 1 1 1 ! I i ! I i ! ! ! M 1 : 1 1 1 ! I ! i I i ! : 

TGAAGGACCTACGAAGCTCCCGAGATCAGATCCTAGATGACCGAGGl^ 
TGAAGGACCTACGAAGGTC GAGACA 

j |<"" 

(5986) 

a;AGTAACGCCTATTCTGCCTATGGCAGGAAGAAGCGGA-3 ' 

I I I I I I I I I I I I I I I I I I I I I I I I I I I I I t I I I I I I I I I 

I I I I I I I I t I I I I I I 1 i I 1 I t I I I I I I I I I I I I I I I I I I ^ , 

CCTCATTGCGGATAAGACGGATACCGTCCTTCTTCGCCT- 5 
CCTCATTGCGGATAAGACGGATACCGTCCTTCT 
Xrev 5795 1 

Primers "Tvpr 5695- and "Trev 5795" are actually SEQ ID N0:2 and SEQ 
ID N0:1 as aforementioned for antisense PGR. Therefore, only one more 
primer (Pribo) was needed to make the antisense-ribozyme proviral clone. 

Pribo 5859-RB-5897, numbering is of the wild type sequences: 

CTTCAAGCATCCAGGAAGTTTCGGCCATCAGGCCTCATCAGAGCCTAAAACTGCTTGTAC 

I I |< Ribozyme >j | I 

5859 5877 5879 5897 

SEQ ID NO: 6 

CTGGAACCAT CCAGGAAGTT TCGGCCATCA GGCCTCATCA GAGCCTAAAA 50 
CTGCTTGTAC 60 

The following graphs illustrate how the Pribo primer inserts the 
ribozyme sequence into the PGR products. All three primers were put into 
the PGR system, with Pribo' at a concentration about one tenth the 
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cone ntration of either f the two end primers. pX was chosen as 
le^plate. All full length clones, i. pXE, pXE2. pXE-a, pXE-b and pNL 
are all eligible for being templates and will result in the sane PGR 
product, with the Pribo primer Inserted its sequence into some of the 
amplified DNA fragments. 

Original template sequence and Pf^^fff * ^^^.^ 

— ■ :-> / / \ \ 

- — > 



Trev P-a — < 

EcoNI ^^f^ p.b Tvpr 

Sail 



I 

1 PGR 

V 



<- 

+ + 
+ + 

— - — > 



I PGR 

V 



+ + 
+ + 
+ + 



i PGR 



V 
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I 

I PGR 



-♦+++++- 
I 

I PGR 
V 




> + + 4.+ + + 

„ + ^ — — 

! iRiboj 7 

|<- Antisense sequence ~>| 

PGR product without ribozyme sequence is 201 bps, while that 
containing ribozyme sequence would be 222 bps as follows. 

Sal *I 

3 -ACGCACAGCTGTATGTCTACGGATTCCGAAAAGAATACT^^ 

Stu I 

GTTGTGAAAAATCTTATCGXTAACCATGTO 

j < Ribozyme >| 

TGAAGGAGCTAGGAAGGTGCGGAGATCAGATGCTAGATGACCGAGGTA^^ 

E c o - N I 
CGAGTAAGGGGTATrCTGCCTATGCCAGGAAGA-3 ' 
GCTCATTGCGGATAAGA GGGATAGGGTCC TTCT. ^ • 
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100 
150 
200 
222 



nt 212 



|g„S^rc»IAOA=AIG CCTAACOCIT TICIIATCAA ACAAACIICO " 
C*»ICA«GC AACACTTTTI ACAAIAOCAA TIGCTACAAO CACHHAOG 
CXCTOATOA. OCCTOAtOOC COAAACITCC T»AIC;=TT= CAGOOCTCIA 
OTCIAOOATC lACTOOCTCC ATTICTTCCI CICCICTOIC CAOIAACOCC 
TATTCTGCCT ATGGCAGGAA OA 

/ X «!FO ID NO- 4, is used instead of primer 
Where primer Trev(-), SEQ ID wu.*, , ^ * ^ 

YWiere ptim „s n be 1 bp different, i.e., 

Trev(+), SEQ ID N0:1. the fragment will be bp 

"T" will be a "G": 

^SrSSi^CATAOAOAIO CCIAAOGCIT UniATGAA ACAAACIIOG 
CAAIGAAACC AACACTTTTT ACAAIAGOAA TIOGIACAAO CAGimAGO WO 

CIOIGATOAC OCCIOATCOC COAAACITCC TGCATGCITC CACCOCTCTA 
OICTACCATC lACTGGCTCC ATITCITCCT CTCCTCTCTC CAOTAACCCC 
TATTCTGCCT AGGGCAGCAA GA 

-antisense-ribozyme PCR" product were digested 
pXE together with ^^.^.^ig^ted. The ligation was 

«,th sail and EcoKI ^^^^J^^^f^ Retailed in the Examples, 
rpras:" ::rerbXsting with Stu: restriction en..e <see 
below) . 

•,.i-^«n of the rev( + ) anti sense- (mono )ribozyme 
The genomic organization of tne revi ; 

clone, pXE-ar(2): 



150 
200 
222 




■ I 484 I 96« i ^ 

StuI (StuI) StuI 



LTR 

j 484 7 964 
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And the genomic organization of the rev(-) anti sense- (mono )ribozyme 
clone, pXE-br(2): 

vi£ vpu env 

gag 



3CXX 

LTR m^^mmmmm 3c<~ xxx ~> h 
lllf- ^"C ^ 




tai I 484 J 964 | 

StQl (StuZ) StuI 



ANT I SENSE- (MONO-, BI- or TRI- )RIB02YME HIV-1 PROVIRAL CLONES 

To guarantee at least one cleavage would occur to the sense tat mRNA 
even when there are mutations, multiple ribozymes targeted to different 
areas were arranged into the anti sense sequences. Besides the "GUC" 
chosen, as mentioned above, two "GUA" triplets also were chosen as 
ribozyme targets. Potentially, four "CUU" and another -GUA" can also be 
chosen as targets if desired. The three sites chosen with their 
incorporated 22-base ribozyme catalytic domains are as follows. At the 
site of incorporation, the ribozyme sequence replaces a "G", or "U" of 
the anti sense RNA. 

CAGAAUUGGCUGUCGACAUAGAGAUGCCUAAGGCUUUUGUUAUGAAACAAACUUGGCAAUGAAAG 

I t I ••(****■••>*** I ! i !!!!!!!!!!!!!!!!!!!!!!! ! 
I I I I I I I I t I I I I I I I I I I I I I I I I I I I • * I * I 1 I I I ( * > I * I * 

ACGCGAAGAAGGACGGUAUCOJCUACGGAUUCCGAAAACAAUACinnJCUmiG^^ 

G A U G A U 

U GGCC G U GGCC G 

A (1) CCGG A A (2) CCGG A 

G G U G G U 

U A U A 

C A C A 
CAACACUUUU ACAAUAGCAAUUGCUACAAGCAGUUUUAGGCU ACUUCCUGGAUGCUUCCAGGG 

I ! 1 1 1 ! ! 1 1 1 ! 1 1 i i i I ! 1 1 1 1 ! 1 1 ! ! ! I ! ! i ! ! ! ! ! ! ! ! ; ! ! ! ! ! ! ! 1 1 1 i ! ! I ! ! ! ! ! I ! ! 

GUUGUGAAAAAUGUUAUCGUUAACCAUGUUCGUCAAAAUCCGACUGAAGGACCUACGAAGGUCCC 
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C A U 
U GCCC C 

A (3) CCGC A 
C G U 



^^^^^^^ 

AUGGCAGGAAGAAGCGGA-3 ' 
ACAGCUCUGGCUUAAGAC-5 ' 

underlined. 

* < « written into DNA with complementary 
Below, the antisense strand is written . corresponds 
sequences. Note the ribozyme sequences. The f.rst b 
to the wild type nt 5774 and the last 5986. 



5774 

}< Ribozyne 1 >i 

BamH-I St 

< Ribozyme 2 >\ 

bozyme 3 *\ 
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(59B6) 

- N I I ^ 

GGCAGGAAGAAGCGGA-3 
CCGTCCTTCTTCGCCT-5 ' 

Primers needed to synthesize the DNA sequences are shown at the 
corresponding regions on the fragment to be made. 

5774 0™> 

< TGGGTGTCGACATAGAGATGCCTAAGGCTTTTGTTATG CAATGAAAG 

C ACAATTGGGTGTCGACATAGAGATGCCTAAGGCrrri'Ui 1 AT GAAACAAAC TTGGCAAT GAAAG 
GTCTTAACCCACAGCTGTATCTCXACGGATTCCGAAAACAATACTTTGITTGAACCGTTACT^ 

1 > 

CAACACTTTTCTGATGAGGCCTGATGGCCGAAACAATACCAATTGGTACAA 

CAACACTTTTCTGATGAGGCCTGATGGCCGAAACAATAGCAATTGGTACAAGCACTTTTACGCTC 
GTTGTCAAAAGACTACTCCGGACTACCGGCTTTGTXATCCnTAACCATGTTCGrCAA 

CATGTTCGTCAAAATCCGAG 

< 2 

AGGGCTCTAGTCTAGGATCCTGATGAG 
TGATGAGGCCTGATGGCCGAAACTTCCTGGATGCTTCCAGGGCTCTACTCTAGGATCCTGATGAG 
ACTACTCCGGACTACCGGCTTTGAAGGACCTACGAAGGTCCCGAGATCAGATCCTAGGACTACTC 
ACTACTCCGGACTACCGGCTTTGAAGGACCTACGAAGGTC 

3-— > 

GCCTGATGGCCGAAACTGGCTCCATTTCTTGCT 

GCCTGATGGCCGAAACTGGCTCCATTTCTTGCTCTCCTCTGTCGAGTAACGCCTATTC^ 
CGGACTACCGGCTTTCACCGAGGTAAAGAACCAGAGGAGACAGCTCATTGCGGATAAGACGGATA 

GAGACAGCTCATTGCGGATAAGACGGATA 

<— 4 

(5986) 

GGCAGGAAGAAGCGGA-3' 
CCGTCCTTCTTCGCCT-5 ' 
CCGTCCTTCT 

Primers needed to construct the above fragment are as follow (all 
written from 5' to 3', nucleotide position numbering is of wild type HXB2 
sequences) : 

(0) Tvpr 5965 



TGGGTGTCGACATAGAGATGCCTAAGGCTTTTGTTATG 

I /\ ! 

5780 5794 5965 5943 

SEQ ID NO: 2 as depicted previously. 
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(1) Pribo 5930-RB-5892 
CAATCW^roAi^CACTTTTCTGATCAacXZCTcATG^ 

! !l< Ribozyme >|| ' 

' =r«ii' 5910 5892 

5930 5912 

SES II> MO: 9 

CAATGAAAGC AACACTTTTC TCATGAGGCC TCATGGCCTA AACAATAGCA 50 

60 

ATTGGTACAA 

(2) Pribo 5859-RB-5897 

CTTOAivGdvTCaVGGAACTTicG^CATcAGG^rCTCATaVC^ 

J ||< Ribozyme >!!_ - 

5859 5877 5879 589/ 

SEQ ID N0:6 as depicted previously for anti sense- (mono )ribozyme fragment 
pXE-ar(2) &pXE-br(2). 

(3) Pribo 5860-RB-5822 

ACaGCTCTAGTCTATCATCCTGATGAOTCCTGATGGCCGAAACT^ 

, ii< Ribozyme >\\ » 

4860 5842' 58« 5822 

SEQ ID NO: 10 

AGGGCTCTAG TCTAGGATCC TCATGAGGCC TGATGGCCGA AACTGGCTC 50 

60 

CATTTCTTGCT 

(4) Trev 5795 



TCTTCCTGCCATAGGCAGAATAGGCCTTACTCGACAGAG 

I A I 

5980 5966 5795' 5818 

SEQ ID N0:1 as depicted previously. 

Ribozymes 1, 2 & 3, occurring alonel(l), (2), (3)1 or in 
combinations [(1,2), (1,3), (2,3) (1,2, 3) J, were incorporated into the 
antisense sequence by a single PCR reaction. 
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PCR system for REV(+) anti sense-mono-, bi- or tri-ribozyme 
fragments: 



pX, i ug/ml 


2 




Reaction buffer, lOx 


5 


Ml 


xrxB'AVi'X/ poo • O . DUU iim 




KCl 500 mM 






MgC12 20 nH 






Gelatine 0.05 % 






dNTP, 2.5 mM each 


3 


Ml 


(O)Tvpr 5965, 60ug/ml 


2 


Ml 


(l)Pribo S930-FB-5891, 6ug/ml 


2 


Ml 


(2)Pribo 58S9-RB-5897, 6ug/ml 


2 


Ml 


(3)Pribo 5860-IIB-5822, 6ug/ml 


2 


Ml 


(4)Trev(+) 5795, 60ug/ral 


2 


Ml 


Taq DNA polymerase, 5u/pl 


0.2 


Ml 


(from Perkin Elmer Cetus) 






Double distilled water to 


29.8 


Ml 



Members of ribozymes incorporated / 1 2 3 1,2 1,3 2, 31, 2, 3 
Total ribozyme copy incorporated 01112 2 2 3 
Size of FCR fragments (bp) 201 222 222 222 243 243 243 264 



Thermal cycling was for 50 cycles, each consisting~of 94 degree C for 
20 seconds, 60 degree C for 30 seconds and 74 degree C for 30 seconds. 

All three Pribo primers were present in the PCR system. Each Pribo 
primer, by chance, inserted its sequence (carrying one member of the 
ribozymes) into the PCR amplification product, which was a mixture of 
antisense-ribozyme fragments with 0, 1, 2 or 3 ribozyme domains 
incorporated in a random fashion* 

The synthesized fragment, using primer Trev( + ) 5795, SEQ ID N0:1, 
with all three members of ribozyme incorporated is 264-bp: 
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: Ribozyme 1 >| ' 

BamH-I S 



Stu -I 

CAACACTTTTC 

i< Ribozyme 1 >| 

BamH-I St 

TGATGAGGCCTGAa 
VCTACTCCGGACW 
< Ribozyme 2 — >| 

bozyme 3 — >) 

N - 1 
GGCAGGAAGA 
CCGTCCTTCT 

SEQ ID NO: 11 

TGGCTCTCCA CATAGAGATG CCTAAGGCTT TTGTTATGAA ACAAACTTGG 
CAATGAAAGC AACACTTTTC TGATGAGGCC TGATGGCCGA AACAATAGCA 
ATTGGTACAA CCAGTTTTAG GCTCTCATCA CGCCTGATGG CCGAAACTTC 
CTGGATGCTT CCAGGGCTCT AGTCTAGGAT CCTGATGAGG CCTGATGGCC 
GAAACTGGCT CCATTTCTTG CTCTCCTCTG TCGAGTAACG CCTATTCTGC 25a 
CTATGGCAGG AAGA 



50 
100 
150 
200 



264" 



Where primer Trev{-) 5795, SEQ ID N0:4, is used to replace primer 
Trev 5795. SEQ ID N0:1, in the above PGR system with everything else 
remaining the same, the fragment will be one base pair different, i.e.. 
nt 254 "T" will be a "G". 



-75- 



wo 94/03596 



PCr/US93/07I79 



SEQ ID NO: 12 

TGGGTGTCCA CATAGAGATG CCTAAGGCTT TTGTTATGAA ACAAACTTGG 50 

CAATGAAAGC AACACTTTTC TGATGAGGCC TGATGGCCGA AACAATAGCA 100 

ATTGGTACAA GCAGTTTTAG CCTCTGATGA GGCCTGATGG CCCAAACTTC 150 

CTGGATGCTT CCAGCGCTCT AGTCTAGGAT CCTGATGAGG CCTGATGGCC 200 

GAAACTGGCT CCATTTCTTG CTCTCCTCTG TCGAGTAACG CCTATTCTGC 250 

CTAGGGCAGG AAGA 264 



PGR fragments with any two ribozymes incorporated would be 243-bp 
long. Those with any one ribozyme would be 222-bp, and those without 
ribozyme would be 201-bp. 

PGR products, together with plasmid pXE, were digested with Sail 
plus EcoNI then self-ligatcd. The ligations were used to transform 
competent EBlOl cells as detailed earlier. 

Alternatively, ribozyme domains are implanted one by one. Another 
alternative is to isolate the right DNA fragment after each PGR reaction, 
then use it as template for next round of PGR implantation/amplification. 

Miniplasmids were screened by StuI digestion for various 
antisense-ribozyme clones. There are two StuI sites (nt 5404 and 6831) 
in the provirus sequences of the HXB2, producing a fragment of 1427 bps 
with the area to be turned antisense lying in between. This StuI 
fragment remains the same in antisense clones pXE-a and pXE-b. Since 
every ribozyme catalytic domain contains one StuI site, the implantation 
of one, two or three ribozymes will, respectively, interrupt the StuI 
fragment into two, three or four bands whose exact sizes can be 
calculated as indicated in the following graphics, where 
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S = StuI sit , 
Rl = Ribozyme 1, 
R2 = Ribozyme 2, 
R3 = Ribozyme 3* 
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Clon.. =£ pXE-br ..ri.. .r. ...ctly th. « tho.. =£ pXE-.r £ r 

StuI digestion. 

px W.11 PXE h.. «. .th.r Stul i« ^ Pl*'-'* 

..™.««. The int.rn.1 prcvir.l b»d (1«7 bp.) 1. th. «..U..t. 
Ho^over th. .ddition of th. StuI .it., in th, riboz,.. 
^.r. in^- «..U.r b«d.. so th. ,cr..ni„, of th. »inipX...>a. 
u.lng StuI di,..tio. proved to b. h».<iy .»d pr.ci... 

l^toL,r.tlo» of on, ribozy.. h.. ,££,ctiv.ly in..rt«J 21 bp. into th. 
r.::^ TpIu. «-bP ribo.,... »inu. I bp th. riboz,™, r^l-cd). ™ 
^™ Of b... pair. With ,nti..ns.-riboz„., clon., to b. l.r,.r th«. 



1427, 



Restriction Digestion Patterns of Molecular HIV-1 (HXB2) 
Eull-Length Clones and Major Subclones. 

If the exact size of a particular fragr,ent (band) is known, it is 
indicated by exact nund,er in bp (base pairs); If the exact " 
yZn, the estimated size will be indicated by Kb (Mlobase , Bold-type 
indicates major clones or bands of interest for the particular 
restriction enzyme digestion. 



-79- 



wo 94/03596 PCr/US93/07179 

X = pX E = pXE Ea = pXE-a Eb = pXE-b 

Ear = pXE-ar Ebr = pXE-br N = pX-N NE = pX-N-E 

E2 = pX-E2 E = pXE XCS = pX-CS 

StuI 

X E Ea Eb Ear Ebr N NE E2 E XCS 

7.8kb - - - - - - ? ? - - 7 

4.3kb - 
3.5kb - 

1427bp - - . - ... 

964bp 

484bp 



Note: The only antisense-ribozyme clones listed in all restriction 
digestion charts are pXE-ar(2) and pXE-br{2), shown as Ear and Ebr. 

The "antisense-rlbozyme HIV-1 proviral clones" pXE-ar series 
[constructed with Trev( + ) primer] and pXE-br series [constructed with 
Trev(-) primer] are transfected into antisense/ribozyme virus producer 
cell line (see below). The virus particles produced (anti sense- ribozyme 
viruses, ARV) are very powerful in inhibiting the replication of the 
natural HIV-1 viruses. In addition to the blockage activity as that of 
antisense viruses (ASV), the ARV also possess the ability to cleave the 
bound tat mKNA at 1 to 3 loci, rendering tat mRNA impossible to be 
translated into TAT protein. 



Example 4: PREPARATION OF HIV-1 PLASMID CLONE FOR ANTISENSE/ 
' RIBOZYME PROVIRUS CONSTRUCTIONS 

The construction of antisense/ribozyme HIV-1 proviral clones began 
with pX. pNL was employed for some special purposes. 
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Restrict! n site rearrangements became necessary after the area t 
be turned antisense was chosen and the restrict! n sites to be used were 
selected Before the HIV-1 antisense/ribozyme proviral clones could be 
constructed with precision and convenience, it was necessary to obtain 
pXE AS discussed above, pXE contains a unique Sail site and a unique 
EcoKI Bite. The DNA sequence between these two unique sites can be 
replaced conveniently and precisely by antisense/ribozyme fragments, with 
the replacement products becoming antisense/ribozyme proviral clones. 

Restriction mapping shows that there are three EcoNl sites in pX, 
yielding three bands of about 11.5, 3.8 and 1.7 Icb respectively (see 
Figure 2). Since it was necessary that the EcoNI site at nt 5966 be 
unique for convenient and precise antisense/ribozyme clone construction, 
the other two EcoNI sites were removed from the plasmid. The product f 
having the other two EcoNI sites removed is pXE. 

pX contains another EcoNI site at nt 7631 in the proviral sequence 
(the corresponding site is also present in pNL) . The third EcoNI site in 
pX is about 1.8 yh beyond the S'-LTR of the proviral sequences, most 
likely located in the cellular sequence flanking the provirus. The EcoNI 
site outside the proviral sequence can be deleted by any means without 
haying to worry about any adverse effect. The nt7631 EcoNI site, 
however, must be removed in a way that preserves the gene in which it 
resides . 

The plasmid preparation strategy, in order to obtain pXE, was to 
protect the nt 5966 EcoNI site by removing the Ndel fragment (nt 
5121-6402 containing the 5966 EcoNI site) from pX. The resultant clone 
(pX-N) was then subjected to point-mutation of nt 7631 EcoNI by 
recombinant PCR, followed by DNA polymerase filling-in to erase the EcoNI 
site outside the HIV-1 sequence. The resultant EcoNI-free subclone, 
pX-N-E, was reinstalled with the 5121-6402 Ndel fragment. The 
reestablished full-length proviral clone with the unique EcoNI site at nt 
5966, pXE, was used as wild type HIV-1 plasmid and as parental plasmid 
for constructing all antisense/ribozyme HIV-1 proviral clones. 
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Similar r arrangements for r striction endonuclease sites are als 
made to pSE (HIV-2), pK102 (SIV) and p239F (SIV) £ r the precision and 
convenience in constructing antisense/ribozyme proviral clones. 

This Example explains in detail the steps taken in preparing pXE, 
the restriction-site-rearranged HIV-1 wild type plasmid clone which has 
been used directly for the construction of HIV-l antisense/ribozyme 
proviral clones. 



REMOVAL OF ECONl SITE AT NT 5966 FROM PX 

(1) pX was digested with Ndel (CAITATC) which occurs in HIV-1 
sequence only at position 5121 and 6402, between which lies the HIV-l 
EcoNI site at position 5966. Also in between is the unique Sail site at 
nt 5785. 

pX, 500 ug/ml | 
Reaction buffer, lOx 5 pi - 

Tris- acetate, pH 7.9 20 nM 

Magnesium acetate 10 nM 

Potassium acetate 50 mn 

DTT ^ 1 ul 

Nde I, 20 u/nl. NEB J ^\ 

Double distilled water h^- 



50 111 



Incubation was in 3T*C for 1 hours. 



(2) Ten microliter of the digest was run on agarose gel to ensure 
that the digestion was satisfactory. Ndel cuts pX twice, yielding two 
bands of 1281 bp and 16 W, respectively. The digest was heat- inactivated 
at 65"C for 10 minutes and used directly for ligation: 



Above digest, undiluted J 

Ligase reaction buffer, 5x « 

T4 DNA ligase, 1 u/pl, BRL i 
Double distilled water 



11 (il 
20 ul 
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^ ^ T. e 11 strain HBlOl was transfected 

(3) 20 ul of comp tent E. coll c ii strain odj-v 

with 1 Ul of 10-fold dilution of the ligation according to the ^ 
iZLtio. Of the manufacturer (BKL) of the competent cells with minor 
l:::fications as necessary. After incubating ^^^^ 
37-C overnight, single colonies were picked into 2 ml LB medium 
supplemented with ampicillin in the final concentration of 50 ug/«l 
(lILp). The bacterial cultures were placed in 37-C shaker-incubator 
overnight. 

(4) The bacteria were harvested and miniplasmid DKA extracted 
according to Sambrook, Fritsch and Maniatis (Molecular Cloning, a 
rrorlry manual, second edition. Cold Spring Harbor Laboratory Press, 
1989) With minor modifications as necessary. 

(5) Miniplasmids were digested with Bglll. pX was also digested and 
used as control. 

Miniplasmid DHA, \ ^ 

Reaction buffer, lOx ^ 



Tris-HCl, pH 7.9 50 mM 

Dithiothreitol 1 «>" 



uitnaowtc* - 0 2 ul 
Bglll, 8u/ul 23*8 ul 
Double distilled water 

30.0 »il 

Incubation was at 37-C for at least 3 hours. 
For a Cleaner agarose gel picture, ribonuclease A (RNase A, Sigma 
Chemicals) is re^larly included at a final ^^^^^^^^^'1^°' ''^^^^^^^ 
the restriction enzyme digestion system for miniplasmxds to destroy the 
contaminating FNAs. The resultant pictures were much better than 
restriction digestion without the RNase addition. 

compared to pX parental clone, the subclone with 
deleted, pX-N. has one of the Bgl-II fragment (between positions 2095 and 
7040) reduced from 4945 bp to a smaller fragment of 3663 bp. 



-83- 



wo 94/03596 



PCr/US93/07179 



j II I I { J 

C RH H B B X 

' AS= Antlsense B = BanHl C = Clal E = EcoNI 

N = Hdel R = EcoRl S = Sail X = Xhol 

Restriction digestion patterns of molecular HIV-1 (BXB2) 
full-length clones and- ma jor subclones . 

If the exact size of a particular fragment (band) is known, the exact 
number in bp (base pairs) is indicated; if the exact size is not toown, 
the estimated size is indicated by kb (kilobase) . Bold-type is used for 
major clones or bands of interest for the particular restriction enzyme 
digestion. 

X = pX E = pXE Ea = pXE-a Eb = pXE-b 

Ear = pXE-ar Ebr = pXE-br N = pX-N NE = pX-N-E 

E2 = pX-E2 E = pXE XCS = pX-CS 



Bglll 

X E Ea Eb Ear Ebr N NE E2 E XCS 

4.?M> = = = = = = - - ■ - = - 

3663bp 

3.0kb - -- -- -- -- -- 

1622bp - l"Obp 



Restriction enzyme Hindlll is also used to screen HlV-1 plasmids. 
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Hindi I I 

5.1 Kb 
4.3Kb 

3.0Kb 
211«3P 

1475bp 
lOllbp 



X E Ea Eb Ear Ebr N NE E2 E XCS 



_ 553bp 

627bp ''III--- 
discussed. 

which «.r. to b. r«.ov.d. On. «.. .t nt 7631 

— ro::tr:^:r r..:rr.r:r ..... 

two b«.ds. ia»ut 12.0 and 3.6 M> t.sp«o1:iv.ly. 

».Btrictioh di,..tion p.tt.m. o£ -oLcuUr BlV-1 (BXB2) 
lull-l«ngth clones and major subclon... 

If th. .xact .i.. Of a particular lr.^.nt (band, " 

• \ 4e fnrf^eated- if the exact size is not known, 
nunter in bp (base pairs) is indicated if tn ^^^d for 

the estimated size is indicated by Kb ^°^"J^;^^/;'^tstSction enzyme 
„a3or clones or bands of interest for the particular restricti 
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digestion. 



X - bX E = pXE Ea = pXE-a Eb = pXE-b 

Ea; = pXE-ar ibr = pXE-br N = pX-N NE = pX-N-E 

M = PX-E2 E = pXE XCS = pX-CS 



EcoMI 



17.01cb 
15.7Icb 
15.3kb 

12.0kb 
ll.Slcb 

7.0kb 

3.81cb 



Ea Eb Ear Ebr H NE E2 E XCS 



1665bp 

Note: This digestion pattern should be referred to while reading the 
text, especially in this Example at an EcoNI digestion. This Example 
fully details manipulations taken to achieve a wild type HIV- 1 plasmid 
clone with unique EcoHI site at proviral position nt 5966 (pXE) . The 
purpose of constructing pXF is to facilitate the subsequent construction 
steps for antisense/ribozyme proviral clones. * not cut by EcoNI 

POINT-MUTATION OF ECONI SITE AT NT 7631 BY PGR 

(7) To erase the EcoNI site at nt 7631, a point mutation was made t 
change the nt 7633 "T" to a "C", without altering the encoded envelope 
protein sequence, since the original codon CCT and the changed codon COG 
both encode for the same amino acid proline, (orig nt = original 
nucleotides; orig pt = original protein; chge to =change to; same pt = 
same protein; B primer = Bridging primer) 
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Ori, .t= OAO ICC «G ATC TTC »0A CCI «A OCA OCA OAT ATG A» CAC 

Orig pt: E S E I F R ' 

CCT NNN NNA GG 

EcoNI : 

Ch,. t,= OAG TCC OAG AIC TTC AOA ceo OOA COA OGA CAT AJC, AOO OAC 
Same ptt E S E 1 F R 

B primer: CC GAG ATC TTC AGA CCG GGA GGA GCA GAT ATG AGG G 

CCC NNN NNA GG 

EcoNI removed: 

The point-»atation «.d the EcoNI recognition site elimination were 
accom'ishr.. a special PCK protocol o. the ^^f^^^^^^^^^ 
PCR Bridging PGR usually involves fiiree (or more) P""'"^^"''^"^ 
t^'in the traditional PCR system. For the elimination of the nt 7631 
EcoNI site, the three primers used were as follows: 

5 'primer: EcoRI-down 4623 

GGGCGGGAATCAAGCAGG 
I— 4623-4640 — >! 

SEQ ID NO: 13 

18 

CGGCCGGAAT CAAGCAGG 

3 'primer: HTX 8670 

TTCAGAATTCTAACAGCACTATTCTTTAG 
I 8670-8642 >1 

SEQ ID NO: 14 

TTGACAATTC TAACAGCACT ATTCTTTAG 

Bridging primer: B 7633 

CCGAGATCTTCAGACCGGGAGGAGGAGATATGAGGG 
1 7617-7652 ^1 

SEQ ID NO: 15 

36 

CCGAGATCTT CAGACCGGGA GGAGGAGATA TGAGGG 

The sequential events of this Bridging PCR employed to introduce the 
point mutation into the sequence is illustrated as follows: 
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flank LTR POL VIF R TAT ENV NEF _LTR_ flank 

~ — 1-!-//— 8-!-}-ii-!-{-}-{-| 1 1 — 

' RNRSENEBX E 

I R=EcoRI K=NdeI 

S=SalI E=EcoNI 
I BsBanHI X=XhoI 

Ndel digestion CsClal 



pX 



I T4 DNA ligation 



.1-1-// 1 — l-l — l-l- 



pX-N C R N E B X 

/ \ 
/ \ 



/ 



/ \ 



\ 



I 1.1 I 

EcoRI Ndel EcoNI BanHI 

} EcoNI digestion 
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T 'ZZZZ'— 

I PCR-l 



V 

T 



3' 



I FCR-1 

V 



-A 



J PCR-2 



•T 
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j PCR-3 

V 

T 

— C — 

I 

I PCR-3 
V 



•T 



1 

1 


PCR-4 




V 








1 

1 
1 


PCR-5 




V 











EcoRI 
\ 

\ 



\ 



\ 



\ 



\ 



Ndel 



\ 



\ 



X 

xEcoNIx 

EcoRI ■•■ BaniHI 

digestion 
Sequence / 

swapping / 

with / 

pX-N / 
/ 



/ 



/ 



BaraHI 
/ 



! !-!-// — I — I l-l — '•■ 

pX-N-El C R N B X 



. I _ 
I 

E 
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The bridging PCR r action system consisted of. 
^ EcoNl digest, about 50 ng/nl 2 ^1 

Reaction buffer, lOx 

Tria-HCl, pH8.3 500 m 



MgCI2 20 nM 

Gelatine 0.05 % 



^ 3 nl 

dNTP, 2.5 mM each ,^ , . 2 ul 

S^primer, 4623-4640 60 ug/ml ? 

3'Simer 8670-8642 60 ug/ml 2 ul 

-B-Si«e;, 7617-7652 6 ug/ml J jl 

AapliTaq D«A PolV"""* 

. (from PerWn Elmer Cetus) 

Double distilled water 



50.0 yil 



-««+T.«ia was run on a DKA Thermal Cycler 
The sample with proper controls was run 

^ ^ % i;o eveles each consisting of 94 c ror *u 
,P.rki» El..r Ctu.) for " „„^.. jo pi of the PCS 

..eo»d., 50'C for 20 ..cond. «.<i 74 C for 1 
product ... run on .garo.. ,.1 (HaSiov. 3,a, FMC). Th. cor 
Z rCR product ri»uld b. 2766 b... p.lr., which ... contin..d. 

xo ..t.bU.h .h,th.r th. point ™t.tion had b..n ».d.. ^^ r^_^ 
.er. ",..t.d .ith Ecom. PCK product fro« re.ction •-J^^'^-'^^.f 

t».x.t.. 6- »d 3. --^t"- ^^^^^ 

n^**! and 1035 bps. The bridging fck jproau 

d«trt^d Iv. ... not cut. indic.tin, th,t th. Ecom .it. h.d b..n 

eliminated. 

,e, Th. brid,in, »CR product ... di,..t.d with EcoRI .nd B«^I 
.i™.ulou.ly »d th. Eco«-B-^. fr.,».nt of 2S46 bp ™, u..d to 

replace the corresponding fragment of pX-N. 

The bridging PCR product was extracted once with 
ph.norchrorofor:-i.o«.,I .Icohoi ,«.24,i,. ^^'^ ^^^^^^^'^^ 
pX-H «d di,..t.d With both r..triction EcoRI, .nd B»BI. 
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"Bridging'' PCR product, extracted 5 ^1 

pX-N, about 500 ug/ml 2 r1 

Reaction buffer, lOx 5 \il 

Tris-HCl, pH 8-0 20 bM 

MgCl2 10 mM 
NaCL 

EcoRI, 10 u/nl, BRL J 

BamHI, 10 u/ul, BRL 1 »il 

Double distilled water 36 \il 



50 Ml 

Incubation was at 37 *C for at least 3 hours. 
Ten \xl of the digest was run on agarose gel to make sure that the 
digestion had been satisfactory. The digest was heat-inactivated at 65*^C 
for 10 minutes and used directly for ligation: 

Above digest, undiluted 4 Ml 

Ligase reaction buffer, 5x 4 \il 

T4 DNA ligase, 1 u/^l, BRL 1 ^1 

Double distilled water H Pl 



20 \xl 

Incubation was at 15^*0 for at least 3 hours. 

One microliter of the 10-fold dilution of the ligation was used to 
transform 20 \il of competent HBlOl cells. Colonies were picked and 
miniplasmids were extracted and digested by Bglll as well as EcoNI. 
Successful recombinant clones (pX-N-El) were cut only once by EcoNI 
instead of twice for pX-N; while the Bglll digestion pattern of pX-N-El 
was the same as that for pX-N. In fact, pX-N-El had the same structure 
as pX-N except the nt 7633 "T" is changed to a "G", (see the restriction 
digestion patterns). 



ELIMINATION OF OUTSIDE ECONI SITE BY POLYMERASE "FILL-IN" 

(9) To abolish the remaining EcoNI site outside of the proviral 
sequence, pX-N-El (5 pg) was cut with EcoNI. The digest was purified by 
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W nlS-l,) 4 Ml »f th. .dxtur. ... for li,.ti.. in . 20 ^ 

.icohol (25.24.1)). * » „icrolit.r .£ th. 10-£old dil»tion 

.,.t» i-.""""^ tn:.tom 20 .1 .£ c,.^t.„t «! C.11. 
Of the ligation was used to transzorm h *- . . . . 

„, d«. ..thyl... n.,.«v. (GIBCO BKL). coloni.. «.r. ■"«^«'» "f 

• ^ «,4.^«et«d and digested by Hindlll as well as EcoNI. 

Mniplasmxds were extracted J ^^^^^^ ,l,owed 

successful reconbinant clones (pX-H-E) were nor cu y 

.....iction -^M"- :-r:;"rt:! .u«i.. eco« i. 

as pX-N except the nt 7633 T is cnangea 
eliminated. 
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flank LTR 



•I. 
pX 



POL VIF R TAT ENV 



- _.. NEF 

.1 - 1 -//— I - 1 -] - 1 I - 1 - 1 - 1 - 1 - 1 



RNRSENEBX 



Mdel digestion 
T4 DNA ligation 



__LTR__ flank 

1 1- 

E 



R-EcoRI 
S=SalI 
BsBanBI 
CsClal 



I^Ndel 

E::EcoNI 

X=XhoI 



pX-N 



•I-//— 

C R N E B X 



N E 

I 

j PCR point mutation 

I and reconstruction (swapping) 



■I l-l-// l-l — 

pX-N-El C R N 



B X 



/ 



/ 



/ 



/ 



/ 



/ 

/ 

. MMNNNCCTNNNNKAGGNMNMNNNNM . 
.NNNNNGGANNNNNTCCNNNNNNNNN. . 



I 
I 
I 
I 

V, 



EcoNI Digestion 
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NNNNNCCTNN NNHAGCNNNNNNlttW . • • 
NNNNNGGANNN NNTCCNNNNNNNNN . . . 

Fill-in with 
(Taq) DNA polymerase 
and dMTP's 

V 

nnnnncctnnn nnnaggnnnnnnnnn. . . 
! Innnnnggannn mnntccnnnnnnnnn. . . 

I T4 DNA Ligase 

V 

lOJNNNCCTNNNNNNAGCaiNNNNNNNN. . . 

" " \ '■ 

\ 

\ 

\ 

\ 

\ 

\ 

. \ 



pX-N-E 

• -™..»«\c»r!r- wh«Tv there are six (6) bases in 

ss,T.r^"S»=- - ™* 

REINSTALLATION OF THE NDEl FRAGMENT 

B.C.U.. OZ th. limifd .v.lX-.iIity conv.ni.nt -"'^^J" . 

reconstruct full-length plasmid {pX-E2). then ro 
nt 7631 again. 

(10) pX-N-E and parental pX (both prepared from transfonned DM1 

(lO) PA « r. f , -fcv r-iaT fnt 829) and BamHI (nt 

were digested simultaneously with Clal (nt 8Z9) an 

cells) were aige Halted and used to transform 

8474) . The digest mixture was self-ligated ana us 

competent HBlOl E. Coli cells. 

Ih... with th. dig«ticn p.tt.rn. pX would b. th. £«11 l.»9th 

clones. 

,12, Th. £UU-I..,th Clon.. «.r. £urth.r cl..=.<.d by dig.stin, .ith 
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EcoNI, and the clone cut twice and yielding a band of 1665 bps was chosen 
and named as pXE-2. pXE'2 is the same wild type clone as pX but with the 
outside EcoNI site renoved. 



I l-l-//— l-l l-l-l 

pX-N-E C R N B X 



flank _LTR_ POL VIF R XAT ENV HEF _LTR_ 

1 l-l-//— j 

C RKRSENEBX 



R=EcoRI 
S=SalI 
B=BainRI 
C=ClaI 



Digestion with 

Clal & BamHI 
T4 DNA ligation 
Screen for the bold-type parts 

ligated together 



flank 

1— . 

E 

NsNdel 
E=EcoNI 
X=XhoI 



POL VIF R TAT ENV NEF 



-! 1-!-//— !-!-!-! i-j-i-i-j... 

PXE-2 C RNRSENEBX 



(13) Another bridging PCR. in order to mutate the EcoNI site at nt 
7631 which had been reinstated into pXE-2. 
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1 ill 

pX, 1 ug/ml 5 
Reaction buffer, lOx 

Tris-HCl. PH8.3 500 mM 

KCl 

MgCl2 2b «M 

Gelatine 0-05 % 

dNTP, 2.5 bM each 
5'primer. 5738-5761 60 ug/tal 
3'pri«er. 8670-8642 60 ug/ml ^ 
-B-primer, 7617-7652 6 ug/nl 
AmpliTaq DNA polymeraae, 5 u/nl 

(from Perkin Elmer Cetus) 

34.8 ul 

Double distilled water 



3 \il 
2 Ml 
2 \il 
2 \il 
0.2 Ml 



50.0 ul 

^*-y,^y two are SEQ ID NO -.14 & 15. 
Here only the 5'primer is new, the other two 

5' primer: HIX 5738 

ATAACAATTCTCCAACAACTGCTG 
I 5738-5761 >S 

SEQ ID NO: 16 

24 

ATAACAATTC TCX^AACAACT GCTG 

SO C,CX.. .... ccn.i.tl„ o. ,4.C 20^^^. «'J^ 

gel (NuSieve 3:1, FMC) . me cort 
2932 base pairs, which was confirmed. 
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t 
1 

1 

V 


PGR, 


denaturation & annealing 


5' 






<--- 

G — > 




1 
1 

V 


PGR, 


extension 









G 



I PGR, second cycle 

V 



. <- 

G — > 

C <" 

I 

I 

I PGR, annealing 

} (bold-type for easy 

I distinction only) 

V 

- — > 

A : — < 



C < 

G~> 

— C < 

I 

} PGR, extension 

V 
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I 

j PCR, next cycle 



V ^ 



, ^ even with an intact template, the bridging 

It becomes clear that, even wn^ -«,T,ii£ied 
* Its seouence into some of the ampliiiea 

primer would be able to in^rt its seque _ 
fragments. To confirm the successful amplantataon of «^e T ^ 
I.r, CCTHKHKKACa -> CCONH^KNACO, point mutation at . 7^33 th PC^^ 

products were digested with J-/;-^^^^^^^ I^^^ands of 

the whole fragment was 2932 bps. The proau 
232, 1665 and 1035 bps respectively. 

8474 

5785 BanHI 



Sail 



;;:":":':':':':"';";'''-"2W2 - -J - - -_ : ::! 

j<-232->;< 1665 8670 

5738 5970 ^^^^i 
EcoNI 

For the PCR with three primers, the undigested product ^ J"^''"^;" 

four bands appeared. Besides tne ±oo . „ount of the 

another band appeared at 2.7 Hb, due to considerable amount o^ th 
product carrying the point mutation at nt 7633 resulting in the 
elimination of EcoNI site at nt 7631. 
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5785 8474 
Sail BanHI 

.„>[ T 1 

A < 

|< 2932 >l 

|<-232->|< 1665 >!< 1035 >| 

5738 5970 7635 8670 

EcoNI EcoNI 

5785 8474 
Sail BanHI 



I 

: G. 



C 

j< 2932 

|<-232->j<- 2700 - -- -- -- -- --> I 

5738 5970 
EcoNI 



>! 



8670 



6474 
BainHI 

. I 

G--> 

-..C < — 

|< 1053 >| 

7617 8670 

The PGR product with 2,7 kb band was digested along with pXE-2 
plasmid by restriction enzymes Sail and BainHI- The digest was 
self-ligated. The ligation was used to transform competent HBlOl cells. 
Miniplasmids were screened with Hindlll then with EcoNI. The clone with 
nt 7631 EcoNI site mutated, pXE, showed the same Hindi 1 1 digestion 
pattern as that of pX or pXE-2, but was cut only once by EcoNI compared 
to twice for pXE-2 and three times for pX. 
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. I 



POL VIF R TAT ENV NEF . 



;35l2 — ' C" R N RSE NE BX 



Bridging PCR product '^"j, 1' 



Digestion with 

Sail & BanHI 
T4 DNA ligase 
Screening with 

restriction enzymes 



V 



pXE 



POL VIF R TAT ENV NEF . 

I.I-// 1 — 1 — I -I I — } 1 -I — !. 

h R N R SE N B X 



pXE was used later for constructing antisense molecular clones. pXE 
can also be used as wild type control just as pX. 

(**) The abolishment of the two extra EcoNI restriction sites can be 
done in an alternative way. ll.e starting pX plasmid 

competent cells can be digested simultaneously or consecutively with both 
Bell (nt 2428) and BamHl (nt 8474) then self-ligated. 

(Note: Bcll and BamHl produce compatible cohesive ends that can be 
ligated to each other. But the ligation product cannot be recut by 
either enzyme. Compatible cohesive ends unable to be recut after 
ligation also occur between Sail and Xhol, see ^^^.^^ 
construction below. Bell recognizes TGATCA and cuts between T and G , 
but this sequence will not be cut by Bell when the middle A is 
methylated by Dam methylase. DM-1 E. coli cells are Dam 
negative. DNA prepared from DM-1 cells are not methylated and therefore 
can be cut by Bell.) 

The plasmid clone wi'th Bell - BamHl fragment deleted ("pX-BB") has 
both proviral EcoNI sites removed. pX-BB can be cut with EeoNI, treated 
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with TaqI polymerase, self-ligated and used to transf rm DM1 competent 
cells* This results in the abolishment of the outside EcoNI site. This 
clone ("pX-BB-Eo") together with pX can be cleaved simultaneously with 
Clal (nt 829, Clal is also Dam methylation sensitive and demands DM-1 
cell prepared DNA for effective cleavage) and Xhol (nt 8896), 
self-ligated, and used to transform competent cells. The full-length 
clone with only two proviral EcoNI sites (pX-E2) can be used for sequence 
swapping with "bridging PGR" product between Sail and BaroHI as described 
in Step (13). The final clone with only one EcoNI site at nt 5966 is 
pXE. 

CONSTRUCTION OF FULL-LENGTH ANTISENSE/RIBOZYME MOLECULAR 
CLONES 

(14) PCR reactions were performed using pX or other appropriate 
plasmids as templates and Tvpr/Trev or/and other primers as depicted 
previously. The PCR product was checked by running 10 ul on agarose gel. 
The fragments were shown to be of expected sizes and/or_, of expected 
restriction digestion patterns. 

(15) Each of the PCR products together with plasmid pXE were 
digested with Sail and EcoNI, simultaneously. 

Restriction Digestion Patterns of Molecular HIV-1 (HXB2) 
Full-Length Clones and Major Subclones. 

If the exact size of a particular fragment (band) is known, it is 
indicated by exact number in bp (base pairs); if the exact size is not 
known, the estimated size is indicated by kb (kilobase). Bold-type 
Indicates major clones or bands of interest for the particular 
restriction enzyme digestion. 
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- T^ycE-A Eb = pXE-b 

X = pX E = PXE " ? N NE = pX-N-E 

Sail ♦ BcoHI 

Ka Kb Ear Ebr N NE E2 E XCS 



X B 



17.0«> 
15.7Kb 
15.31tb 

12.01cb 
ll.Skb 

T.Okb 
3.81cb 
1665bp 



206bp 
laSbp 



r^l.c-«nt of th. S.ll-Ec.m £r.9«»t <«=Jf ^ ^ .ith 

one ribozyme incorporated, 227 witn wo, 

Tiaated and used to transform 

(16) The digestion mixture was self-Ugatea an 

competent HBlOl E. Coli cells. Colonies were picked. 

Cl.> «iniplas.ids were screened - ^^^^^^^^ :rLr. en 

-'^'Z ; rs^r :ir :rr restriction en^^es 

correctness o. constructions. See 

previous digestion patterns. 
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Restriction Digestion Patterns of Molecular HIV-1 (HXB2) 
Full-Length Clones and Major Subclones. 

If the exact size of a particular fragment (band) is known, it is 
indicated by the exact number in bp (base pairs); If the exact size is 
not known, the estimated size is indicated by kb (kilobase). Bold-type 
indicates major clones or bands of interest for the particular 
restriction enzyme digestion. 

X = pX E = pXE Ea = pXE-a Eb = pXE-b 

Ear = pXE-ar Ebr = pXE-br N = pX-N NE = pX-N-E 

E2 = pX-E2 E = pXE XCS = pX-CS 

Bsu36I (Saul) 

X E Ea Eb Ear Ebr N NE E2 E XCS 

13.0kb 
8.5kb 

1695bp 

lS14bp - - -* -* 

1360bp - - _ - - 

0. 7kb - -- - - -- -- -- 

* This band is 1535 bps with one ribozyme incorporated. 
It will be 1556 with two, and 1577 with three. 

(18) The antisense/ribozyme molecular constructions are confirmed by 
dideoxy sequencing of the inverted areas using primer HIV-1 5738-5761, 

1. e., SEQ ID NO: 16. 



5 ' -ATA AGAATTCT GCAACAACTGCTG-3 ' 
Eco-RI 
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^x.5= cokst«k:ii«. r «i-roBESs.oH vectors »sn» hiv-i 

MOI^CDIAR CLONES 
used are as follows: 

.plic. junction .it. 5388/5389) .r. follow, 

BJS 835 942 

789 j CU -II I 

HXB2 ..iTCKK.XCCC.CACCaTCACXATTATaCC^^^^^ 

(943) 

(790) 

5320 5340 
HXB2 ...AaATiTA«:ACACAACXAaACCCXOAA^^^^^^^ 

: : : aSatIxaIcaLSac^cScc^cc^accaoaccaact^^^^^ - • 

(5321) (5341) 

vr^irf letters were arranged into one 
(2) The sequences written xn bold 1^"^" clone, 
oligonucleotide primer. Remember that all "'f "^^^ "^^^^^ 
even though sometimes NL4-3 sequences are actually employed, 
cases, the corresponding sequences are given in parentheses. 

825 835 5320(5321) 5340(5341) 
I cla-I V/ * 
HTX 835-5320 TTAGMCGMGATAGCACACAAGTAGACCCTG 

SEQ ID NO: 17 

32 

TTAGATCCAT GATAGCACAC AAGTAGACCC TG 
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(3) Primer HTX 835-5320 was used to couple with another primer, Rvpr 
5794-5767. in the PCR reaction with pNL as the template. 

Rvpr 5794-5767 CTATGTCGACACCCAATTCTGAAATGG 

SEQ ZD NO: 18 

CTATGTCCAC ACCCAATTCT CAAATCG 27 

This- is a negative-strand primer specially designed to restore the 
-perfect- vpr reading frame by deleting a "T" at 5770 of HXB2. Compare 
this primer with the original sequences in HXB2 and NL4-3: 

HXB2 SEQ 5767 CCATTTTCACAATTGGCTCTCGACATAC 5794 (positive) 
GGTAAAACTCTTAACCCACAGCTGTATC (negative) 

Rvpr SEC 5767 GGT-AAAGTCTTAACCCACAGCTGTATC 5794 (negative) 

NL43 SEQ 5768 CCATTTCAGAATTGGGTGTCGACATAG 5794 (positive) 
5t« GGTAAAOTCTTAACCCACAGCTGTATC (negative) 

It becomes clear that primer Rvpr is actually made_of sequences of 
pNL which preserve intact and functional vpr gene. As discussed 
previously, the vpr gene has been truncated and is functionless with 
HXB2. the plasmid clone of which. pX. has been used as parental structure 
for all the antisense/ribozyme proviral clones. Restoration of vpr 
function in the gene expression vector benefits the antisense/ribozyme 
viruses' ability to replicate by providing the antisense/ribozyme virus 
producer cell lines with the "weak transcriptional activator" (see Fig. 
2) That is. the use of pNL sequence is to restore vpr function with the 
gene-expression vector. The inclusion of the Clal restriction site is to 
facilitate the subsequent cloning of the gene-expression vector. 
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1 Ml 

pNL, 1 ug/»l ,^ 5 »il 

Reaction 1°*3 5OO nM 

Tris-HCl, pH 8.3 ^ 

SS12 20 bM 

Gelatine 0.05 ;& ^ 

dNTPs, 2.5 nM «ach 2 ^l 

HIX 835-5320, 60 ug/«l j 
5vpr 5794-5767, 60 ug/«l ^ j 

AnJliTaq DNA polymerase, 5 u/m ^ 

Double distilled water 

50.0 pi 



Fifty cycles of thermal cycling were done, each insisting of 
Fifty cycle 2 minutes. 

94'»C for 20 seconds, 50 c £or 

« ^. dl«.r.nt *ro. th. ^'ff ^ri,in 825-835, 

— -r.-.' • rir. r.0Xl»w.n, ...ws ^. .c«.X 



where the unique Cla-I site is located 
sequences of the PGR product. 
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49 
99 



SEQ ID NO: 19 

TTA CAT CGA TGATAGCACA CAAGTAGACC CTGACCTAGC AGACCAACTA 
Leu Asp Arg 

ATTCATCTGC ACTATTTTGA TTGTTTTTCA GAATCTGCTA TAAGAAATAC 

CATATTACGA CGTATAGTTA GTCCTAGGTG TGAATATCAA GCAGGACATA 149 

ACAACGTAGG ATCTCTACAC TACTTCGCAC TAGCACCATT AATAAAACCA 199 

AAACACATAA AGCCACCTTT GCCTAGTGTT AGGAAACTCA CAGAGCACAG 249 

ATG GAA CAA GCC CCA CAA GAC CAA GGG CCA CAG AGC GAG CCA TAC 294 
£S cti Ail pro Glu ASP Gin Gly Pro Gin Arg Glu Pro Tyr 



5 



AAT GAA TGG ACA CTA GAG CTX TTA GAG GAA CTT AAG ACT GAA OCT 339 
gJS m Thr Leu Glu Leu Leu Glu Glu Leu Lys Ser Glu Ala 
20 25 

CTT AGA CAT TTT CCT AGG ATA TGG CTC CAT AAC TTA CGA CAA CAT 
J5g ml ?S Pro Arg He Trp Leu His Asn Leu Gly Gin Hxs 



384 



35 



ATC TAT GAA ACT TAC GGG GAT ACT TGG CCA CGA GTG GAA GCC ATA 429 
ill ryr ciu S Tyr Gly Asp Thr Trp Ala Gly Val Glu Ala lie 
50 55 



ATA ACA ATT CTG CAA CAA CTG CTG TTT ATC CAT TTC AGA ATT GGG 474 
ilB hlg lie Leu Gin Gin Leu Leu Phe lie His Phe Arg He Gly 

485 



TGT CGA CAT AG 
Cys Arg His Ser 
79 

The first coding region at the beginning of the fragment where only 
3 amino acid residues are shown is the carboxyl terminus of the truncated 
GAG protein. The second coding region starting at nt 250 is VPR which 
continues beyond this fragment as shown in SEQ ID NO: 20. 

(4) The PCR product together with full-length pX (prepared from dam 
methylase negative DM-1 competent cells from CISCO BRL) were cleaved with 
Cla-I and Sal-I simultaneously. The digest was religated with T4 DNA 
ligase and the ligation was used to transformed HBlOl as well as DM-1 
cells Miniplasmids were screened with restriction enzyme digestion. 
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rial - Sail fragment (4955 bps) 
.ooXin, for t.e ^ ^ ^la^^^^^^^^^^ ^^^^ 

r LriSuslIds were cut With B,in. The right 

had been deleted. The mnip ^ild type 

deletion clone yielded a 2083 bp 2095-7040) 
^ * i«79 to (nt 473-2095) and 4945 bp (nt 209> /u«uj 
fragments of 1622 bp (nt 473 ; 473.704O) minus 4484 bp (nt 

disappeared. Mathematically, 6567 bp (nt 473 ) 

836-5319) equals 2083 bp. 

• .^«.« rn un.-iq with the portion truncated) 
PGR made fragment (SEQ ID NO: 19, witn « f 

Clal sail 

- i XXXWXXXXXXXXXXJCX I 

I (deleted) I 
835 5320 

was used to replace the Clal-Sall fragment of the wild type pX, 

Sail Xhol 



Clal 



83^ 5320 5785 8896 

and yielded the recombinant truncation clone pX-CS. 

Sail Xho^ 

Clal J 

I ' I j — — 

I ! — - 1 xxxxxxxxxxxxxxxxx I , ' 

' I (deleted) I 1 

83^ 5320 5785 8896 

Restriction Digestion Patterns of Molecular HIV-1 (HXB2) 
mSSS cJnes «id Major Subclones. 

T. the exact size of a particular fragment (band) is known, it will^ 
If the exacr size wj. . » i-ho exact size is not 

indicates major clones or bands of interest for 
restriction enzyme digestion. 
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X = pX 

Ear = pXE-ar 

E2 = pX-E2 



E = pXE Ea = pXE-a 

Ebr = pXE-br N = pX-N 
E = pXE XCS = pX-CS 



Eb - pXE-b 
NE = pX-N-E 



Clal ^ Sail 



X 



E 



Ea 



£b Ear Ebr 



N 



KE 



E2 



E 



XCS 



15.7kb 
12.0kb 



4955 



470 



Mote: This enzyme combination was used to construct pX-CS (from 
which pX-CSneo and pXneo were constructed). Compare "X" and "XCS" where 
4955 base pair band in -X" is reduced to 470 base pair band in "XCS". 

The recombinant sequences from the beginning of gag to the end of 
vpr are as follows. 
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SEQ ID NO: 20 

^ 5» OCC T« CT. TTJ T« ^ |» , 

Met Cly Ala Arg Ala Ser vai 15 

^»C»CA =«aI«»C= CIOACCIACC .«CC«CIA *TI«ICTOC 
»CTATTTTGA TlomilC <aATCTC=XA TAAOAAATAC CAIATTAOCA 

COXATACTTA CTOeXAOOXO XCAAXATCAA CCA»ACATA ACAA»TA» 

.XCXCXACAO XACXXOOCAC TACCA^CATX AAXAAAACCA AAAC^AT^ 

^^SeCACCm <«CIAOtCaI AKAAACTOA CAOAOOACAO AW 

80 " 576 

ACA TCC TAG 
Arg Ser 
95 

recombinant truncation f^^^^^'^::^:::: " 
truncated to 15 an.i«o acids only; a P«^«^^ ,i,ue most 

reinstated (by replacing- HXB2 vpr ^^^^ ^^""J^JJ, vif gene have 

of the gag gene, all of pol gene, and the 5 por 



95 
145 
195 
245 
297 

342 
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been deleted. Preserved are the najor 5' splice donor site 742/743, 
splice junction sites 5388/S389, S462/5463, 5776/5777, 5975/5976, 
6044/6045, and 8377/8378. Tat. rev, vpr and env genes are Intact. The 
nef open reading frame (orf ) is also intact, but it is interrupted by the 
insertion of a nee(r) cassette into the unique Xhol site at nt 8896. 

(5) The neomycin resistance cartridge from pMClneoPolyA (Stratagene) 
is inserted into the Xhol site (8896) of pX-CS. The cartridge is 1146 bp 
long between Xhol (nt 451 of pMClneoPolyA) and Sail (nt 1597 of 
PMClneoPolyA), containing the neo(r) gene from Tn5, the Herpes Simplex 
thymidine kinase promoter and the enhancer sequence from polyoma virus Py 
F441. pX-CS was digested with Xhol, and pMClneoPolyA was digested with 
Xhol Mid Sail. After killing the restriction enzymes' activities by 
heating the digests at 65»C for 15 minutes, the two digests were mixed 
together for ligation. Sail and Xhol produce compatible restriction ends 
capable of ligating to each other, the ligation product of which, 
however, cannot be cut by either enzyme. 

(6) The ligation is then used to transform competent E. Coli HBlOl 
cells. Single colonies were picked into LBamp medium. 

(7) Recombinant miniplasmids are digested with Bglll and Xhol 
simultaneously. 

Clones without insertion have, among others, two bands of 1276 bp 
(Bglll 7620 - Xhol 8896) and 154 bp (Xhol 8896 - Bglll 9050). Note the 
GenBank Bglll site 8085 is missing from pX. 

Clones with insertions have either a 1276 bp band and a 1300 bp band 
(154 ♦ 1146 = 1300, right orientation), or, a 2422 bp band (1276 + 1146 = 
1957, wrong orientation) and a 154 bp band. 
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N insertion: ^^^^ 

XhoI/3QioI Bglll 
1276 >|<154>| 

insertion in right orientation: ^^^^^^^^^^ 

12 /O I— ' \ — j 

" "'^^j s.ii/xhoi Baiii 



insertion in wrong^orientati on:^^^^ .^^^^^^ ^ 



can 



■ • -T^ir Fj/g^! \...J?til^\>r" 

be recut by Xhol. 

S.n/Xho. = »d li,.t.d t, ».oI «... Th. ll,.Uon pr.d„« 
emnot be cut by .Ither Sail or Jthol. 

insertion of a neo(r) cassette. 

The TAT-expression clone pX-CSneo 



Sail Xhol 
Clal ^*t* S 

I ' 

.1 • {xxxxxxxxxxxxxxxxxj J 



' ' I (deleted) I I -006 

835 5320 5785 8896^ 

/ \ 



Xhol 



/ Neo(r) \ 

1 Sail 

(4ii) insert 1(1597) 

BamHI 
(1591) 
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The binding together f the ne mycin resistance gene and the tat 
gene assures the entry of both genes into the cells at the same time, 
transforming the cells into neomycin resistance and tat expression 
simultaneously. By Including antibiotic G418 in the cell culture medium, 
every surviving cell produces TAT protein, capable of supporting the 
production of the antisense/ribozyme viruses. 

(9) As control, a tat(-) but neomycin(r) (+) clone is constructed 
from pX-CSneo. pX-CSneo is simultaneously digested with Sail (cut HIVl 
nt 5785 only) and Xhol (cuts the ligation junction HIVl nt 8896-XhoI and 
pMCneoPolyA nt 452-XhoI, but does not cut the ligation junction between 
pMCneoPolyA nt 1597-SalI and HIVl nt 8897-Xhol, the latter junction is 
not be cut by Sail either). Religation of the fragments is used to 
transform competent E. Coli HBIOI. Miniplasmids are screened for the 
clone with Sail (5785) to Xhol (8896) fragment (3111 bp) deleted. This 
clone basically carries two HIV-1 LTRs with the neo(r) gene in between. 
It is named pX-neo. 



The TAT-expression control clone pX-neo 

ClAl Sail Xhol 



1 1 — I xxxxxxxxxxxxxxxxx I ! xxxxxxxxxxxxx I — j I 

I (deleted) | { (deleted) | 
835 5320 5785 8896 

A 
/ \ 
/ Neo(r) \ 

Xhol Sail 

(451) insert |(1597) 
I 

BamHI 
(1591) 

Example 6: CONSTRUCTION OF TAT-EXPRESSION CLONE USING 
NON-HIVl VECTOR 

The aforementioned truncation tat-expression vectors employ 
identical promoter/enhancer systems with HIV-1 antisense/ribozyme 
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c,„.tn.ct.d. Ihl. 1. do., by ln..rti« th. ft = J 
,£ ,«.. «pr...io. vctor. ~ch .. SF«.. SF«o 

to express protein. SEneo ais transformed cells to grow in 

two halve. o£ th. codin, region. .« .. follow.. 



The first exon: 

Vsa ^Sal_-I 

ataataaSscx«:aacaactgctgtttatcca' 



„U...^™ATCCATTTTCAGAATTWGicTCGACATAG 5794 



CAGAATAGG^TXACTCGACAGAGGAGAGiAAOA^^^^ I''' 

.gccctggmgcatccaggWcagcctAj^ctg^^^^ 

KCCFHCQVCF ITKAu ^ 

, . Hindlll . 

Vsd 6044 
TATCAAAGCA 
L S K Q 
y Q S 
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The second ex n: 

Vsa . . . . . 

ACCCACCTCCCAACCCCGAGGGCACCCGACAGGCCCCAAGCAATAGAAGA 8427 
(TAT) PTSQPRGDPTCPKE 
(REV) NPPPNPECTR2ARRNRR 

Bam-BI . 

AGAAGGTGGAGAGAGAGACAGAGACAGATCTATTCGATTAGTGAA CGGATCC TTGGCACT 8487 
RRW RERQRQ IH S I S ER I LOT 

TATCTGGGACGATCTGCGGAGCCTCTGCCTCTTCACCTACCACCGCTTGAGAGACTTACT 8547 
Y L GRSAEPVPLQLPPLERLT 

CTTCATTGTAACGAGGATTCTCGAACTTCTGGGACCCAGGCGGTGGGAAGrc 8607 
LDCNEDCGTSCTQCVGSPei 

ITCCTGGAATCTCCTACAGTATTGGACTCAGCAACTAAAGAATAGTGCTGTTAGCr^^ 8667 
LVESPTVLESGT KE 

CAATGCCACACCC ggQQ 

Note: The numbers given on right side of the sequences are the 
original position for the last base of that line. TAT and REV proteins 
are lined up with their coding nucleotide sequences. Also given are 
splice donor (sd) and splice accepter (sa) sites, as well as some 
important restriction sites. 

For easy demonstration of the procedures by which the two parts of 
the genes are linked together, the protein sequences are removed and the 
complementary DNA sequences are added. 
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The first exon: 

\/sa .Sal -I • „. 

5974 



TATCAAACCA 
ATAGTTTCGT 

The second exon: 




CAATGCCACAGCC 
GTTACGGTGTCGG 



IGGTGTCGG 

position, two ..9».nt. of ""'"'^'^ ^ ^. tube. * etitid 

lin».d ..,u.nc.3 with th. B». PCR reaction in « 
f..tur. Of -brid^in, PCR- i. to include « 

PCR reaction, two ordlnar, pri».r. to •-^'^ "J'^"^. „.„ 
fragment, and on. (or ™or.) -br.dgin, pri-r «■ 
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of linking. A "bridging primer" can be either rientation, but 
amplification nay be more efficient if it points to the shorter half of 
the linked fragment. 

For linking together the two exons of tat and rev genes, the three 
primers are designed as follows. 

5'-end primer: HXX 5738, i.e., SEQ ID N0:16 
Eco RI 

ATAAGAATTCTGCAACAACIGCTG 
{ 5738-5761 >| 

"Bridging primer": HTX 6044-8378 

Hind-Ill 
CAAG CVlVit riJerCAAAGCAACXrCA^ 
I —.-6025-6044- > 8378-8397 > j 

SEQ ID NO: 21 

CAAGCTTCTC TATCAAAGCA ACCCACCTCC CAACCCCGAG ^0 

3'.end primer: HTX 8670, i.e., SEQ ID NO: 14. The_3 bases underlined 
has been changed to accommodate an EcoRI site. 

Eco-RI 

TTGAGAACTCTAACAGCACIMTCITTA^ 
I 8670-8642 >| 
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S914 
5974 



positions: 

Eco RI HIX 57 38 .Sal -I • ^^^^ 

Blndlll 
.CAAGCITCTC 

TATCAAAGCA ^ 

TATCAAAGCA ^/ 
ATAGTTTCGT , 

/ HIX 6044-8378 , . 

Bam-HI - 

:CK;AACTAAAGAATAGTGCTOTA^ 8667 




HTX 8670 

8680 



CAATGCCACAGCC 
GTTACGGTGTCGG 
GTT 
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The "bridging primer" (HIX 6044-8378, 40 mer) was composed of the 
sequence 6025-6044 (20 mer) and the sequence 8378-8397 (also 20mer), 
pointing down towards the 3 '-end of HIV genome. Although the "bridging 
primer" also anneals to the negative strand at the positions of 
6025-6044, only when it bound to the position 8378-8397 can the 
polymerization (elongation) be initiated- Therefore the "bridging 
primer- pairs with the 3 '-end primer (8670-8642) to amplify the fragment 
from 8378 to 8670 plus 20 base pairs corresponding to the positions 
6025-6044, totaling 312 base pairs in length. When there are more 3 '-end 
primer than the "bridging primer", more negative strands (initiated by 
3 '-end primer) than positive ones (initiated by "bridging primer") are 
amplified. The negative strands would carry at their 3 '-ends the 
,.»mnlementarv sequence to the "bridging primer." The very 3 '-end of 
these single- stranded DNA would anneal to the positive strands at 
position 6025-6044 of the original templates or to the single-stranded 
DNA initiated by the 5' -end primer (5738-5761). As soon as the "bridging 
primer complementary 8equence--initiated DNA elongation reached the 
positions 5738-5761, the two fragments are physically linked together. 
From then on the amplification depends only on two primers annealing to 
either end of the linked fragment. The events are illustrated as 
follows: 
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-B- = -Bridging Pri»er^^ HTX 6044-8378 
5. = 5'-end primer, TOC 5738 
3. s 3 '-end primer, BTX 8670 

"B" 
+♦++=> 

5 / / \ \ 



.♦♦++///•• •///// °°°^ " 
.♦++♦///• • •/////=*' 



I PGR 
V 

.++++///• ■ - 
-+♦♦+///••• 

♦♦♦♦= 

. . ./////= 



./////=- 
../////==- 



j PCR 

V 



< — -- 
3' 
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-+♦++///. . . 
-♦++♦///. . . 

+++♦=>. 

• . ./////== 
• • ./////=■ 
I 

I PCR 

-♦♦♦♦///. . - 

■*-**+ss:ss 

I 

I PCR 
■****///• . . 

i PCR 
V 

•++++== — 

•++++== 

I 

I PCR 

V 

•++++== 

'4"f+-fs=ss-.. 

■*-¥**sssss: 

*'*'+*SSSS= 



'Bridging PCR" reaction system: 

pX, 1 ug/ml 1 
Reaction buffer, lOjc 5 ui 

Tris-HCl, pH 8.3 500 nn 

KCl 500 mH 

MgC12 20 nH 

Gelatine o.05 % 

dNTP's, 2.5 mH each 3 
5 '-primer, HTX 5738-5761, 60 ug/ml 2 ul 

3 -primer, HTX 8670-8642, 60 ug/ml 2 ul 

"B-primer, HTX 6044-8378, 6 ug/ml 2 ul 

AmpliTaq DMA polymerase, 5 u/m1 0.2 ul 

(from Perkin Elmer Cetus) 
Double distilled water 34.9 ^l 

50.0 ^l 
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thermal cycling a tting was 50 cycles, each 
consisting of 94-C for 20 seconds, 54-C for 20 
seconds and 74-C for 60 seconds. 

^ ^olified fragments would have the se^ences 5738-6044 (307 bp) 
The amplified f ragmen containing 

and 8378-8670 (293 bp) linked into one pxece (60 

^lln-length tat and rev sequences in continuation. 
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' ' • . . Eco— RI 

TTarrGGAATCTCCTACAGTATTGGAGTCACCAACTAAAGAATACTGCTGTTAGAATTCT 8667 
AACCACCTTACAGCATGTCATAACCTCAGTCOTGATTTCTTATCACCACAATCfTAAC 

CAA 
GTT 

SEQ ID NO: 22 (without coding information) 

ATAACAATTC TGCAAO^CT GCTGTTTATC CATTTTCAGA ATTCGGTGTC 50 

CACATACCAG AATAGGCGTT ACTCGACAGA CGAGAGCAAG AAATGCAGCC loO 

ACTAGATCCT ACACTAGACC CCTGGAAGCA TCCACGAAGT CAGCCTAAAA ISO 

CTGCTTGTAC CAATTGCTAT TCTAAAAAGT GTTGCTTTCA TTGCCAAGTT 200 

TGTTTCATAA CAAAAGCCTT AGGCATCTCC TATGGCAGGA AGAAGCGGAG 250 

ACACCCACGA AGACCTCATC AGAACAGTCA GACTCATCAA GCTTCTCTAT 300 

CAAAGCAACC CACCTCCCAA CCCCGAGGGG ACCCGACAGG CCCGAAGGAA 350 

TAGAAGAAGA AGGTGGAGAG AGAGACAGAG ACAGATCCAT TCGATTAGTG 400 

AACGGATCCT TGGCACTTAT CTGGGACGAT CTGCGGAGCC TGTGCCTCTT 450 

CAGCTACCAC CGCTTGAGAG ACTTACTCTT GATTGTAACG AGGATTGTGG 500 

AACTTCTGCG ACGCAGGCGC TGGGAAGCCC TCAAATATTG GTGGAATCTC 550 

CTACAGTATT GGAGTCAGGA ACTAAAGAAT AGTGCTGTTA GAATTCTCAA 600 
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SEQ ID NO:22 (with TAT pr tein b quence) 
.XAAO^^TTC TCCA.CA.CT CCTCTTTATC CATTTTCACA ATTOCOTCTC 
CACATAGCAG AATAGGCGTT ACTCGACAGA GGAGAGCAAG AA ATG GAG OCA 

20 

50 

COG 1 COG ACA GGC CCG AAG GAA TAGAAGAAGA AOGXGGAGAG 
Gly Ar;: Pro Thr Cly Pro Lys Clu 
..AG^. .G ACAGATGCAT TC^TTAGTG AACGGA.CCT TGGCACTT^ «0 
CTGGGACGAT CXGCGGAGCC TGTGCCTCTT CAGCTACCAC CGCTXGAGAG 47 
.CTXACTCTX GATTGTAACG AGGATTGTGG AACTTCTGGG ACGCAGGGGG 

.CGGAAGCCC TCAAATATTG GTGGAATCXC CXACAGTATT GGAGT^CGA 

ACTAAAGAAT AGTGCTGTTA GAATTCTCAA 



50 
101 

146 

191 

236 

281 

326 

370 
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SEQ ID NO: 22 (with REV pr teln sequence) 

ATAACAATTC TCCAACAACT CCTGTTTATC CATTTTCACA ATTGGCTGTC 50 

CACATAGCAG AATACCCGTT ACTCCACACA GCAGACCAAG AAATCCAGCC 100 

ACTACATCCT ACACTACAGC CCTGGAACCA TCCACGAAGT CAGCCTAAAA 150 

CTCCTTCTAC CAATTGCTAT TCTAAAAACT CTTGCTTTCA TTGCCAAGTT 200 

TGTTTCATAA CAAAAGCCTT ACGCATCTCC T ATG GCA GGA AGA AGC GGA 249 

Met Ala Gly Arg Ser Cly 
5 

GAC AGC GAG GAA GAG CTC ATC AGA ACA GTC AGA CTC ATC AAG CTT 294 
Asp Ser Asp Clu Clu Leu lie Arg Thr Val Arg Leu lie Lys Leu 
10 15 20 

CTC TAT CAA AGC AAC CCA CCT CCC AAC CCC GAG CGC ACC CGA CAG 339 
Leu Tyr Gin Ser Asn Pro Pro Pro Asn Pro Glu Cly Thr Arg Gin 
25 30 35 

GCC CGA AGG AAT AGA AGA AGA AGG TGG AGA GAG AGA CAG AGA CAG 384 
Ala Arg Arg Asn Arg Arg Arg Arg Trp Arg Glu Arg Gin Arg Gin 
40 45 50 

ATC CAT TCG ATT ACT GAA CGC ATC CTT GGC ACT TAT CTG CGA CGA 429 
lie His Ser He Ser Clu Arg He Leu Gly Thr Tyr Leu Gly Arg 
55 60 65 

TCT GCG CAG CCT GTG CCT CTT CAG CTA CCA CCG CTT GAG AGA CTT 474 
Ser Ala Glu Pro Val Pro Leu Gin Leu Pro Pro Leu Gin Arg Leu 
70 75 80 

ACT CTT CAT TCT AAC CAG GAT TCT CGA ACT TCT CGG ACG CAG GCG 519 
Thr Leu Asp Cys Asn Clu Asp Cys Gly Thr Ser Gly Thr Gin Gly 
85 90 95 

GTG CCA AGC CCT CAA ATA TTC GTC CAA TCT CCT ACA CTA TTG GAG 564 
Val Gly Ser Pro Gin He Leu Val Glu Ser Pro Thr Val Leu Glu 
100 105 110 

TCA CGA ACT AAA GAA TAGTGCTCTT AGAATTCTCA A 600 
Ser Gly Thr Lys Glu 
115 



The EcoRI fragment (586 bp) of the PCR product is inserted into Eco 
RI site of SFneo (see Figure 5). The recombinant plasmid are screened 
with Sal- I enzyme digestion. The plasmid without the insert yield a 
single band of 7227 bps (SFneo only). Plasmid with inserts show two 
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, ,. 743 bps (iM«rtion in risht 

band., th. ».ll.r of .hich 1. 'J*^' ^ ori.nt.tion). Ih. 
ori.nt.ticn) or 1247 bp. (in..rtl» in for 
„o»nbin.nt pi.»i. i. ^^ir^^J^ZW L c^I-nfi 

^at-rev KNA inhibition of wild type HIV-1 viruses. 



E = EcoRI 
S = Sail 

insertion in right orientation lSFneo-t/r(.)] : 

E S ^ 
,43. < 543 

tat/rev insert 
SFF 

SFneo 



insertion in wrong orientation lSFneo.t/r(.)l : 

E S ^ 

T<-— 543 >l^3[ 

tat/rev insert 

SF FV LTR 
SFneo =^ — " 



5 

,.n.-.xpr.ssion vctor. ""-="%7„„ror"™"i:« tb. 
protocol.. .ith.r driv.n b, HIV-1 or .noth.r pro-otor. 
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possibility that the antisena RNA transcribed fr m the 
antisense/riboryme clones will bind and inactivate the sense tat mRNA 
from the gene-expression vectors. This potential problem rests on the 
one-hundred-percent sequence complementation between the tat's in 
antisense/ribozyme molecular clones and that in the gene ejcpression 
vectors. If this occurs, there may not be enough TAT protein available 
for efficient replication of antisense/ribozyme viruses. 

Proteins are composed of amino acids which in turn are encoded by 
nucleotide triplets. The fact that most amino acids (except methionine 
and tryptophan) are encoded by more than one nucleotide triplet creates 
the possibility of diversifying nucleotide sequence while keeping the 
amino acid sequence unchanged for a particular protein. 

The following shows one of the diversifications for 
tat-protein-coding nucleotide sequences. The first line shows the 
original tat nucleotide sequence (HXB2); the second the amino acid 
sequence; and the third the diversification of tat nucleotide sequence. 
Of the 87 codons, all except two (the initiator methionine and the 
eleventh residue tryptophan) can be altered at at least one base. 8 
arginines and 3 leucines can be changed at two bases. The 7 serines can 
be changed at all three bases. The stop codon too can be changed at two 
bases. In total. 111 out of 261 (42.5%) nucleotides can be changed, 
enough to nullify complementation. 
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«0 CCA OTA C« OCT ^ CX* CCC »a ^JC »T CCA ^ »^ 
^ C?; .5c ^ ^ <^ dj AAA CAC CCX «A 

C» AaI ACT OCT A« AAT T« T« TOT AAA »«= Tgr TOC TTI 
1 CL aL aSa 4 tSc aL aSc tSt tIc TCC AA; AAA TOO TOT TTC 

CAT T=^ CaI OTT TOT TTC AXA ACA A« =CC T» 0« ATC TCC TAT 

net V C F L .1, .5r BM CTT eOC ATI ACT TAC OGA 
aC t5t CAO CIA IOC HI All ACT AAO OCA CII B» ^ . . 

A.I AaI cd Aol CAO COA CCA AOA OCT CAT C«. AAC ACT C» ^ 
cSl aL A^A ^ ^ cSa A^ A?; ^ oJa CAC CAA AAI ICA CAA ACA 

'cat CaI OCT tot CIA TCA A«= CAA,^ ACC TCC CAA ICC COA 000 oac 

B 8 A S L S K e I r ^ 4t CAO ACT AGO OOC OAT 
CAC »G OCA AGC no ACT AAA CAG ceo ACG AJI ...... . . 

^ it it *** * * *** 

CCG ACA CGC CCG AAG GAA TAG 
CCT ACT GOT CCC AAA GAG TGA 

p„duction o. antisense-ribcy^e f ; - ^ ^^^^^ 

nullify the potential ribozyme target sites, " 

binding of diversified tat »BNA by ribo.ymes expressed by 
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Ren vln9 the original nucl otide sequence: 



M E 
ATG GAA 


P 
CCT 


V 
GTG 


D 
GAC 


P 
CCA 


R 
CGT 


L 
TTG 


E 
GAA 


P 
CCA 


W 
TGG 


K E P 
AAA CAC CCT 


G 
GGT 


S 
TCA 


C P 
CAA CCA 


K 
AAG 


T 
ACA 


A 

GCA 


C 
TGC 


T 
ACG 


N 
AAC 


C 
TGT 


Y 
TAC 


C 
TGC 


K K C 
AAG AAA TGC 


C 
TGT 


F 
TTC 


B C 
CAC TGT 


Q 
CAG 


V 
GTA 


C 
TGC 


F 
TTT 


1 

ATT 


T 
ACT 


K 
AAG 


A 

GCA 


L 
CTT 


CIS 
GGG ATT AGT 


y 

TAC 


G 
GGA 


R K 
CGT AAA 


K 
AAA 


R 
AGA 


R 
CGT 


Q 
CAA 


R 
AGG 


R 
AGG 


R 
CGT 


A 
GCA 


H 
CAC 


Q N S 
CAA AAT TCA 


s 

CAA 


T 
ACA 


H 2 
CAC CAG 


A 
GCA 


S 
AGC 


L 
TTG 


S 
AGT 


K 
AAA 


Q 1 P 
CAG CCG 


T 
ACG 


S 
AGT 


Q S R 
CAG AGT AGG 


G 
GGC 


D 
GAT 


P T 
CCT ACT 


G 
GGG 


P 
CCC 


K 
AAA 


E 
GAG 


TGA 

















Removing the amino acid sequence as well. This is the diversified 
HIV-1 tat gene to be synthesized chemically. 



ATG 


GAA 


CCT GTG GAC CCA CGT TTG GAA CCA TGG AAA CAC CCT 


GGT 


TCA 


CAA 


CCA 


AAG ACA GCA TGC ACG AAC TGT TAC TGC AAG AAA TGC 


TGT 


TTC 


CAC 


TGT 


CAG GTA TGC TTT ATT ACT AAG GCA CTT GGG ATT AGT 


TAC 


GGA 


CGT 


AAA 


AAA AGA CGT CAA AGG AGG CGT GCA CAC CAA AAT TCA 


CAA 


ACA 


CAC 


CAG 


GCA AGC TTG AGT AAA CAG CCG ACG AGT CAG AGT AGG 


GGC 


GAT 


CCT ACT 


GGG CCC AAA GAG TGA 







facilitate the post- synthesis gene construction, to each end was 
12 -base tail which contains an EcoRI restriction enzyme site: 



To 

added a 
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CTTC GGA ATT CAC 

ATG CAA CCT CTC GAC CCA CCT TTG CAA CCA TGG AAA CAC CCT COT TCA 
CAA CCA AAG ACA CCA TCC ACG AAC TGT TAC TGC AAG AAA TGC TGT TTC 
CAC TGT CAG CTA TGC TTT ATT ACT AAG GCA CTT GGG ATT AGT TAC GGA 
CGT AAA AAA AGA CGT CAA AGG AGG CGT GCA CAC CAA AAT TCA CAA ACA 
CAC CAG GCA AGC TTG AGT AAA CAG CCG ACG AGT CAG AGT AGG GGC GAT 

CCT ACT GGG CCC AAA GAG TGA CAG AAT TCC CAG 

This is the whole artificial gene of diversification to be 

synthesized chemically. 

SEQ ID NO: 23 

5 



45 



30 

GCA CTT GGG ATT AGT TAC GGA CGT AAA AAA AGA CGT C^ 
Ala Leu Gly He Ser Tyr Gly Arg Lys Lys Arg Arg 
45 5" 

60 

J? i-" §S S S5 S ^ ^ ^ 

Gin Pro Thr Ser Gin Ser Arg i»xy Asp ^ 85 



75 60 
TGACAGAATT CCCAG 



90 
135 
180. 
225 
270 
265 



A PCR v.. d.,.lop.d lor th. .^th..i= of .rtifici.1 

,.„. Trains^".. co,^I».«ary «^.n=. i- -Od.. to t.. d.v.r.x«.d 



gene below: 
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Eco-RI 
GIC GGA ATT CAC 
CAG CCT TAA GTG 

Nco-I 

ATG GAA CCT GTG GAC CCA CGT TTC GAA CCA TGG AAA CAC CCT GGT TCA 
TAG CTT GGA CAC CTG CGT CCA AAC CTT GGT ACC TTT GTG GGA CCA ACT 

Sph-1 

CAA CCA AAG ACA GCA TGC ACG AAC TGT TAC TGC AAG AAA TGC TGT TTC 
GTT GGT TTC TGT CCT ACG TGC TTG ACA ATG ACG TTC TTT ACG ACA AAG 

CAC TGT CAC GTA TGC TTT ATT ACT AAG GCA CTT GGG ATT ACT TAC GGA 
CTG ACA GTC CAT ACC AAA TAA TGA TTC CGT GAA CCC TAA TCA ATG CCT 

Apa-LI 

CGT AAA AAA ACA CGT CAA AGG AGG CGT GCA CAC CAA AAT TCA CAA ACA 
GCA TTT TTT TCT GCA GTT TCC TCC GCA CGT GTG GTT TTA ACT GTT TGT 

CAC CAG GCA ACC TTG ACT AAA CAG CCG ACG ACT CAG ACT AGG GGC GAT 
GTG GTC CGT TCG AAC TCA TTT GTC GGC TGC TCA GTC TCA TCC CCG CTA 

Apa-1 Eco-RI 
CCT ACT GGC CCC AAA GAG TGA CAG AAT TCC CAG 
GCA TGA CCC CCG TTT CTC ACT GTC TTA AGG CTC 

For the effectiveness of the synthesis, the whole fragment totaling 
285 base pairs is broken down and synthesized as six oligonucleotides, 
each has a 15-base overlap with the adjacent oligonucleotides, because 
the middle oligo ovexlap with two other oligos. 

1 GTCGGAATTCACATGGAACCTGTGGACCCACGTTTGGAACCATGGAAACACCCTCGTTCA 
2 ACAGCATTTCTTGCAGTAACAGTTCGTGCATCCTGTCTTTGGTTGTGAACCAGGGTGTTT 
3 TGCAAGAAATGCTGTTTCCACTCTCACGTATCCTTTATTACTAAGCCACTTCGCATTAGT 
4 ' ATTTTGGTGTGCACGCCTCCTTTGACGTCTTTTTTTACGTCCGTAACTAATCCC AAGTGC 
s' CGTGCACACCAAAATTCACAAACACACCACCCAACCTTGACTAAACAGCCGACGAGTCAG 
6 CTCGGAATTCTGTCACTCTTTGCGCCCAGTAGCATCGCCCCTACTCTGACTCGTCGGCTG 
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SEQ ID N0:24 

CTCGCAATTC ACATGGMCC TCTGCACCCA CGTTTGGAAC CATGCAAACA 
CCCTCCTTCA 
SEQ ID HO: 25 (*2) 

ACAGCATTTC TTGCAGTAAC AGTTCCTGCA TCCTGTCTTT GGTTCTCAAC 
CAGGGTGZTT 
SEQ ID NO: 26 (#3) 

TGCAAGAAAT GCTCTTTCCA CTGTCAGGTA TGCTTTATTA CTAAGGCACT 
TGGGATTAGT 
SEQ ID NO:27 (#4) 

ATTTTGG- • GCACGCCTCC TTTGACGTCT TTTTTTACGT CCGTAACTAA 

i;:;cCAAr.::' 
;..2 ID NO: 28 (#5) 

CGTGCACACC AAAATTCACA AACACACCAG GCAAGCTTGA GTAAACAGCC 
GACGAGTCAG 
SEQ ID NO:29 (#6) 

CTCGGAATTC TGTCACTCTT TGGGCCCAOT AGCATCGCCC CTACTCTGAC 
TCGTCCGCTG 

The corresponding positions of the oligonucleotides are shown in 
bold-type or underlined in the sequence below. Also shown are the 
overlapping areas of the adjacent oligonucleotides. 



50 
60 

50 
60 

50 
60 

50 
60 

50 
60 

50 
60 
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GTC OGA ATX CAC 
CAG CCT TAA GTC 

1— > 

ATG GAA CCT GTG GAC CCA CGT TTG GAA CCA TGG AAA CAC CCT GGT TCA 
TAG CTT GGA CAC CTG CCT GCA AAC CTT CGT ACC TTT GTG GGA CCA ACT 

<— 2 

CAA CCA AAG ACA GCA TGC ACG AAC TGT TAG TGC AAG AAA TGC TGT TTC 
GTT GGT TTG TGT CGT ACG TGC TTG ACA ATG ACG TTC TTT ACG ACA AAG 

3--> 

CAC TGT CAG GXA TGC TTT ATT ACT AAG GCA CTT GGG ATT AGT TAC GGA 
GTG ACA GTC CAT ACG AAA TAA TGA TTC CGT GAA CCC TAA TCA ATG CCT 

<— 4 



CGT AAA AAA AGA CGT CAA AGG AGG CGT GCA CAC CAA AAT TCA CAA ACA 
GCA TTT TTT TCT GCA GTT TCC TCC GCA CGT GTG GTT TTA AGT GTT TGT 

5— > 

CAC CAG GCA AGC TTG AGT AAA CAG CCG ACG AGT CAG AGT AGG GGC GAT 
GTG GTC CGT TCC AAC TCA TTT GTC GGC TGC TCA GTC TCA TCC CCG CTA 

<— 6 

CCT ACT GGG CCC AAA GAG TGA CAG AAT TCC GAG 
GGA TGA CCC GGG TTT CTC ACT GTC TTA AGG CTC 

The oligonucleotides, each with a 15-base overlap with the adjacent 
oligonucleotide, were linked into the full-length DNA fragment of 285 
bps; All the oligonucleotides were mixed together, with the first and 
the last ones (numbers 1 & 6) added in amounts ten times as much as the 
others. In the presence of dNTP's and TaqI DNA polymerase, the mixture 
underwent thermal cycling just as in an ordinary PGR reaction* By 
priming to each other, the oligonucleotides were linked together and 
amplified, as shown below: 

The full-length fragment to be made: 
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. ^ -nale Btranded oligonucleotides, arrows 
Chemically synthesized single stran 



point from 5' to 3 
1 



-> 2 



3 



-> 4 



5 

> 6 



I dNTP's 

I TaqI polymerase 

V 



< " 

<- 



I dNTP's 

} TaqI polymerase 

V 



I dNTP's 
J TaqI polymerase 

V 



1 dNTP's 

; TaqI polymerase 

V 



inserted into SEneo at EcoRI ^^^^ insertions (Srneo 

With Kcol -^-^^^"reorand ro,^ .ps respectively. Clones with 
per se) yield two bands of 6024 and P ^^^^ 

bps I insertion in wrony 
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Similarly, the coding sequence for HlV-1 rev can also be diversified 
The original HIV-1 IIIB rev nucleotide and amino acid sequences, is 
shown below. Note the splice junction site at 26th codon. 

ATG GCA CGA AGA AGC GCA GAC AGC CAC CAA GAG CTC 
MAGRSCDS DEEL 

sdN/sa 

ATC AGA ACA GTC ACA CTC ATC AAG CTT CTC TAT CAA ACC AAC CCA CCT 
I RTVRL I KLLYQSNP P 

CCC AAC CCC GAG GGG ACC CGA CAG CCC CGA AGG AAT ACA ACA AGA ACG 
pjjPEGTRQARRNRRRR 

TGG AGA CAG ACA CAG AGA CAG ATC CAT TCG ATT ACT CAA CGG ATC CTT 
WRERQRCIHSISERII. 

CCC ACT TAT CTC CCA CCA TCT CCC GAG CCT CTC CCT CTT CAG CTA CCA 
GTYLGRSA EPVFLQI.P 

CCC CTT GAG ACA CTT ACT CTT CAT TCT AAC CAC GAT TGT CGA ACT TCT 
PLERLTLDCNEDCGTS 

CGG ACG CAC GGG GTC CGA ACC CCT CAA ATA TTG CTC CAA TCT CCT ACA 
CTQGVCSPQILVESPT 

CTA TTG GAG TCA CGA ACT AAA CAA TAG 
VLESGTKE* 

Keeping the amino acid sequence unchanged, the nucleotide sequence 
can be diversified at points marked by stars: 
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ATC CCA GGA AGA AGC GGA CAC AGC GAC GAA GAG CTC 

GGT GAT TCG 
'I i'i *** * * *** 



a!!o oJt TCO oSt OAT I« 0« CM OAA TTO 

^ * * *** * * WWW 

— »ar rTT CTC TAT CAA AGC AAC CCA CCT 

ATC AGA ACA GTC AGA CTC ATC AAG CTT CTC TAT CAi. ^ ^ ^ ^ 

J R T V R J:^ TTA TTG TAG CAG TCG AAT CCT CCG 

ATA CCT ACT GTG CGT TTG ATA AAA TTA TTC TAC * * ♦ 



* ♦ * 



* * * * * 



cec «C CCC «<= «» ACC C« CAG OCC COA AGO »AI A» A» »0A »« 
clx aSx C?T CL cIt ^ *5g <Ia OCT ACC COT AAC CGI CCA COG e=C 



TOO AOA OAO AGA CAO AOA CAO ATC CAT TCG ATT AGT GAA CGO ATC CTT 
tSo ^ oL Jt C?A ^ cSa AT* CAC AOC ATC TCA GAG AOA ATA TTA 

OGC TAT CTG GGA CGA TCI CCG GAG CCT OTG CCT CTT CAG CTA ^ 
oio aL tIc T^A 0^ A^ AOC G^= GAA CCA GTC CCA TTA CAA TTO CCT 



* * * * * * *** 



CCG CTT GAG AGA CTT ACT CTT OAT TOT AAC 0» GAT TOT OGA ACT TCT 
cIt ^ oL C^ ^ aIa T^A oSc TOC AAT OAA OAC TOC GOT ACA AGC 



* * * 



* **** *** 



GOC AGO CAG KG OTO OGA AOC CCT CAA ATA TTG GTG GAA TCT CCT ACA 
0^ aJc C?A G?T ^ oir tIg <5a cSg ATC CTA ore GAG AGC CCA ACT 



CTA TTG GAG TCA GGA ACT AAA GAA TAG 

VLESGTKE* 
GTT CTT GAA AGT CCT ACA AAC GAG TCA 
* * * * *** ****** 
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Removing the original nucleotid s guence: 



H 
ATG 



A 
GCT 



G 
GGT 



R S G D S 
CGT TCG GGT GAT TCG 



D 
GAT 



£ 
GAG 



E 
GAA 



L 
TTG 



* 



* * *** * ★ 



* 



IRTVRLIKLLYQSNPP 
ATA CGT ACT CTG CGT TTG ATA AAA TTA TTG TAG CAG TCG AAT CCT CCG 
«** * ***** * ***** * * *** * * * 

PNFEGTRQAR RN RRRR 
CCT AAT CCT GAA GGT ACG AGG CAA GCT AGG CGT AAC CGT CGA CGG CGC 
* * * * * *** * ***** **** **** 



WRERQRQIHSISERIL 
TGG CGT GAA CGT CAA CGT CAA ATA CAC AGC ATC TCA GAG AGA ATA TTA 
** *** *** * * * *** * *** * * * * * * 

GTYLGRSAEPVPL QLP 
GGG ACA TAC TTA GGT AGG AGC GCC GAA CCA GTC CCA TTA CAA TTG CCT 

* * *** *** *** * * * * *** *★* * 

PLERLT LDCNEDCGTS 
CCT TTG GAA CGT TTG ACA TTA CAC TGC AAT GAA GAC TGC GGT ACA AGC 
*** ***** *** * * * * * * * * *** 

GTQGVGSPQILV ESPT 
CGT ACC CAA GGT GTC GGT TCG CCA CAG ATC CTA GTC GAG AGC CCA ACT 
****** *** * * * * * * . * * * 

V L E S G T K E * 
GTT CTT GAA AGT GGT ACA AAG GAG TGA 

* * * * *** ****** 
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Removing th amino acid e quence as well: 

ATC GCT GOT CGT TCG GOT GAT TCG GAT GAG GAA TTG 

« * * * *** * * ** 

ecT ACT 0X0 ccT Tt; «j ™ Ji; »c »j Tco «T cci ceo 

♦ * **** 

arr ^nr caa GCT AGG CGT AAC CGT CGA CGG CGC 
CCT AAT CCT GAA GGT ACG AGG CAA GCT AW, ^ ^ * * * * * * ♦ * 

♦ * * * * *** 

^ COI C« COT C« cot CAJ AtJ CAC AOC AIC la «0 »^ 

COO icA TAC ITA OOT AOO »« OCC OAA CCA ore CCA ™ CAA TTO CCT 

c^itIoaacoittoacatogactocaatoaaoactocgoiacaaoc 

J Id CaI OOT ore OCT TCO CCA CAO ATC CTA ore OAO ACC CCA ACT 

^ * * * * * 

GTT CTT GAA AGT CGT ACA AAO GAG TGA 

* * * * *** * * « 

Removing the stars: 

ATG GCT GGT CGT TCG GGT GAT TCG GAT GAG CAA TTG 

ATA CGT ACT GTG CGT TTG ATA AAA TTA TTG TAC CAG TCG AAT CCT CCG 
CCT AAT CCT GAA GGT ACG AGG CAA GCT AGG CGT AAC CGT CGA CGG CGC 
TGG CGT GAA CGT CAA CGT CAA ATA CAC AGC ATC TCA GAG AGA ATA TTA 
CGG ACA TAC TTA GGT AGG AGC GCC GAA CCA GTC CCA TTA CAA TTG CCT 

CCT TTG GAA CGT TTG ACA TTA GAC TGC AAT GAA GAC TGC GGT ACA AGC 
CCT ACC CAA GGT GTC GGT TCG CCA CAG ATC CTA GTC GAG AGC CCA ACT 
CTT CTT GAA AGT GGT ACA AAG GAG TGA 
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Adding to each end a 12 basepair tail carrying an Eco RI site: 



GAC 


TGA 


ATT 


CAT 


ATG 


GCT 


GGT 


CGT 


TCG 


GGT 


GAT 


TCG 


GAT 


GAG 


GAA 


TTG 


ATA 


CGT 


ACT 


GTG 


CGT 


TTG 


ATA 


AAA 


TTA 


TTG 


TAC 


CAG 


TCG 


AAT 


CCT 


CCG 


CCT 


AAT 


CCT 


GAA 


GGT 


ACG 


AGG 


CAA 


GCT 


AGG 


CGT 


AAC 


CGT 


CGA 


CGG 


CGC 


TGG 


CGT 


GAA 


CGT 


CAA 


CGT 


CAA 


ATA 


CAC 


AGC 


ATC 


TCA 


GAG 


AGA 


ATA 


TTA 


GGG 


ACA 


TAC 


TTA 


CGT 


AGG 


AGC 


GCC 


GAA 


CCA 


GTC 


CCA 


TTA 


CAA 


TTG 


CCT 


CCT 


TTG 


GAA 


CGT 


TTG 


ACA 


TTA 


GAC 


TGC 


AAT 


GAA 


GAC 


TGC 


GGT 


ACA 


AGC 


WW A 


ACC 


CAA 


GGT 


CTC 


GGT 


TCG 


CCA 


CAG 


ATC 




GTC 




AGC 


CCA 


ACT 


GTT 


CTT 


GAA 


AGT 


GGT 


ACA 


AAG 


GAG 


TGA 


TCG 


AAT 


TCC 


GTC 










Adding the 


complementary strand: 














CTC 


Eco-RI 
TGA ATT 
ACT TAA 


Nde- 
CAT 
GIA 


-I 

ATG 
TAC 


GCT 
CGA 


GGT 
CCA 


CGT 
GCA 


TCG 
AGC 


GGT 
CCA 


GAT 
CTA 


TCG 
AGC 


GAT 
CTA 


GAG 
CTC 


GAA 
CTT 


TTG 
AAC 


ATA 

TAT 


CGT 
GCA 


ACT 
TGA 


GTG 
CAC 


CGT 
GCA 


TTG 
AAC 


ATA 
TAT 


AAA 
TTT 


TTA 
AAT 


TTG 
AAC 


TAC 
ATG 


CAG 
GTC 


TCG 
AGC 


AAT 
TTA 


CCT 
GGA 


CCG 
GGC 


CCT 
GGA 


AAT 
TTA 


CCT 
GGA 


GAA 
CTT 


GGT 
CCA 


ACG 
TGC 


AGG 
TCC 


CAA 
GTT 


GCT 
CGA 


AGG 
TCC 


CGT 
GCA 


AAC 
TTG 


S a 1 - 
CGT CGA 
GCA GCT 


-I 

CGG 
GCC 


CGC 
GCG 


TGG 
ACC 


CGT 
GCA 


GAA 
CTT 


CGT 
GCA 


CAA 
GTT 


CGT 
GCA 


CAA 
GTT 


ATA 
TAT 


CAC 
GTG 


AGC 
TCG 


ATC 
TAG 


TCA 
AGT 


GAG 
CTC 


AGA 
TCT 


ATA 
TAT 


TTA 
AAT 


GGG 
CCC 


ACA 
TGT 


TAC 
ATG 


TTA 
AAT 


GGT 
CCA 


AGG 
TCC 


AGC 
TCG 


CCC 
CGG 


GAA 
CTT 


CCA 
GGT 


GTC 
CAG 


CCA 
GGT 


TTA 
AAT 


CAA 
GTT 


TTG 
AAC 


CCT 
GGA 


CCT 
GGA 


TTG 
AAC 


GAA 
CTT 


CGT 
GCA 


TTG 
AAC 


ACA 
TGT 


TTA 
AAT 


GAC 
CTG 


TGC 
ACG 


AAT 
TTA 


GAA 
CTT 


GAC 
CTG 


TGC 
ACG 


GGT 
CCA 


ACA 
TGT 


AGC 
TCG 


GGT 
CCA 


ACC 
TGG 


CAA 
GTT 


GGT 
CCA 


GTC 
CAG 


GGT 
CCA 


TCG 
AGC 


CCA 
GGT 


CAG 
GTC 


ATC 
TAG 


CTA 
GAT 


CTC 
CAG 


GAG 
CTC 


AGC 
TCG 


CCA 
GGT 


ACT 
TGA 


GTT 
CAA 


CTT 
GAA 


GAA 
CTT 


AGT 
TCA 


GGT 
CCA 


ACA 
TGT 


AAG 
TTC 


GAG 
CTC 


TGA 
ACG 


Eco-RI 
TCG AAT TCC 
AGC TTA AGG 


GTC 
CAG 









To synthesize this fragment, eight (8) oligonucleotides are needed. 
The positions of the oligonucleotide primers are shown in bold- type 
characters or underlined with numbering and arrows pointing to their 3' 
ends: 
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^ SI ?^ 

2--^ ?g ?S §S ?S 33S Si §S 
2-^^ SI S§ ?S ^ ?S 

7 > Eco-RI 

CIT CTT GAA ACT CGX ACA AAG GAG TCA-TCG AAT TCC CTC 
r^A CAA CTT TCA CCA TG T TTC CTC APG-AGC TTA AGG CAG 
<— 8 
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SEQ ZD NO: 30 (diversified rev DKA sequence with protein) 

GACTGAATTC AT ATG GCT GGT CGT TCG GGT GAT TCG GAT GAG GAA 45 
Met Ala Gly Arg Ser Gly Asp Ser Asp Glu GIu 
5 10 

TTG ATA CGT ACT GTG CGT TTG ATA AAA TTA TTG TAC CAG TCG AAT 90 
Leu lie Arg Thr Val Arg Leu He Lys Leu Leu Tyr Glu Ser Asn 
15 20 25 

CCT CCG CCT AAT CCT GAA GGT ACG AGG CAA GCT AGG CGT AAC CGT 135 
Pro Pro Pro Asn Pro Glu Gly Thr Arg Gin Ala Arg Arg Asn Arg 
30 35 40 

CGA CGG CGC TGG CGT GAA CGT CAA CGT CAA ATA CAC AGO ATC TCA 160 
Arg Arg Arg Trp Arg Glu Arg Gin Arg Gin He His Ser He Ser 
45 50 55 

GAG AGA ATA TTA GGG ACA TAC TTA GGT AGG AGC GCC GAA CCA GTC 225 
Glu Arg He Leu Gly Thr Tyr Leu Gly Arg Ser Ala Glu Pro Val 
60 65 70 

CCA TTA CAA TTG CCT CCT TTG GAA CGT TTG ACA TTA GAC TGC AAT 270 
Pro Leu Gin Leu Pro Pro Leu Glu Arg Leu Thr Leu Asp Cys Asn 
75 80 85 

GAA GAC TGC GCT ACA AGC GCT ACC CAA GGT GTC GGT TCG CCA CAG 315 
Glu Asp Cys Gly Thr Ser Gly Thr Gin Gly Val Gly Ser Pro Gin 
90 95 100 

ATC CTA GTC GAG AGC CCA ACT GTT CTT GAA AGT GGT ACA AAG GAG 360 
He Leu Val Glu Ser Pro Thr Val Leu Glu Ser Gly Thr Lys Glu 
105 110 115 

TGATCGAATT CCGTC 375 

Oligonucleotide primers needed to synthesize SEQ ID NO: 30 
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SEQ ID NO: 31 ( 1) 

CACTCAATTC ATATGGCTGC TCCTTCGGCT CATTCCGATG ACXJAATTCAT 
ACGTACTCTC CGT 
SEQ ID NO: 32 (#2) 

»CCITaO=A T»<KC«AG omCOSOK: OIAC«I»AI TIIAI««C 

GCACAGTACG TAT 
SEQ ID NO:33 (#3) 

CCTAATCCTC AAGCTACCAC GCAAGCXACC CGTAACCGTC CACGGCGCTG 
GCGTGAACGT CAA 
SEQ ID NO: 34 (#4) 

ACCTAACTAT CTCCCTAATA TTCTCTCTGA CATCCTGTCT ATTTGACGTT 
GACGTTCACG CCA 
SEQ ID NO: 35 (#5) 

GGGACATACT TAGGTAGGAG CGCCGAACCA. GTCCCATXAC AATTGCCTCC 
TTTGGAACGT TTG 
SEQ ID NO:36 (#6) 

GACACCTTGG GTACCGCTTG TACCGCAGTC TTCATTGCAG TCTAATGTCA 
AACGTTCCAA AGG 
SEQ ID NO:37 (*7) 

CGTACCCAAG GTGTCGGTTC CCCACAGATC CTAGTCGAGA GCCCAACTGT 
TCTTGAAAGT GGT 
SEQ ID NO: 38 (#8) 

GACGGAATTC nivncACTCCT TTGTACCACT TTCAAGAAC 



50 
63 

50 
63 

50 
63 

50 
63 

50 
63 

50' 
63 

50 
63 

39 



Example 8: CO-TRANSFECTION EXPERIMENTS 

^^ «vTr a BXE-b pXE-ar and pXE-br into a 
Transfection of pXE (or pX), pXE-a, pXE ^'^ 
cell line optionally transfected with one of the tat expre 
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tat.neo or with neo-only control, the viral producti n, infectivity and 
viral replication upon infection with or without further TAT 
complementation is as follows: 



Transfection 



1st 



2nd 



(1) 
(2) 
(3) 
(4) 
(5) 
(6) 

(7) 
(8) 
(9) 
(10) 

(11) 
(12) 



none 
none 
none 
none 
none 
none 

-neo 
-neo 
-neo 
-neo 
-neo 
-neo 



none 

pXE 

pXE-a 

pXE-b 

pXE-ar 

pXE-br 

none 

pXE 

pXE-a 

pXE-b 

pXE-ar 

pXE-br 



tat-neo none 

tat-neo pXE 

tat-neo pXE-a 

tat-neo pXE-b 

tat-neo pXE-ar 



(13) 
(14) 
(15) 
(16) 
(17) 

(18) tat-neo pXE-br 



Virion 
proQUCbion 


Virion 
Infectivity 


Viral Replication 
Uoon infection of 
CD4+ CD4+/Tat+ 
Cells Cells 


No 

Yes 

No 

No 

No 

No 


No 

Yes 

No 

No 

No 

No 


Yes 

No 

No 

No 

No 


Yes 

No 

No 

No 

No 


No 

Yes 

No 

No 

No 

No 


No 

Yes 

No 

No 

No 

No 


No 

Yes 

No 

No 

No 

No 


No 

Yes 

No 

No 

No 

No 


No 

Yes 

Yes 

Yes 

Yes 

Yes 


No 

Yes 

Yes 

Yes 

Yes 

Yes 


No 

Yes 

No 

No 

No 

No 


No 

Yes 

Yes 

Yes 

Yes 

Yes 



Virus Co- Infection Experiments 

When supernatant from different transfections (numbered as in the 
above table) are collected and the combination is used to infect CD4* 
cell line, the results are as follows: 
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V'VTTT'b 9 10 11 12 13 14 15 16 17 18 







2 


1 




+ 


2 




♦ 


3 






4 






5 






6 






7 






8 




+ 


9 




+ 


10 




+ 


11 






12 






13 




+ 


14 




+ 


15 




± 


16 




± 


17 




± 



+ + 



+ - - - 
+ - - - 



I I I I I * * 



----- i 



particles are produced; 
1 Virus particles are not P^^uced; 
± Virus particles are produced transiently. 

* * * 

the Bcope of the iiwention «• elaimed. 

Ih. f..tux.. <ii.clo..d in th. f.r«oin, d..«iptlcn, in the f=ll.«i»» 

diverse forms thereof- 
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WHAT IS CLAIMED IS; 

1. An antisense virus comprising: 

a viral coat sufficiently duplicative of a naturally occurring virus 
viral coat to allow the infectivity of said naturally occurring virus, 
and 

nucleic acid including an antisense fragment which is antisense to a 
section of a gene encoding a transactivating protein required for said 
naturally occurring virus to replicate, said antisense fragment encoding 
antisense RNA capable of binding and inactivating mRNA encoded by said 
gene encoding a transactivating protein, 

2. An antisense virus as in Claim 1 wherein said antisense virus is 
replication defective. 

3. An antisense virus as in Claim 1 wherein said nucleic acid 
includes all of the structural genes of said naturally occurring virus. 

4. An antisense virus as in Claim 1 wherein said nucleic acid 
includes all of the regulatory genes of said naturally occurring virus 
except said gene encoding a transactivating protein. 

5. An antisense virus as in Claim 1 wherein except for said 
antisense fragment which encodes antisense RNA, said antisense virus is 
the same as said naturally occurring virus. 

6. An antisense virus as in Claim 1 wherein said naturally occurring 
virus is an animal virus. 

7. An antisense virus as in Claim 1 wherein said naturally occurring 
virus is a DNA virus. 

8. An antisense virus as in Claim 1 wherein said naturally occurring 
virus is an RNA virus. 
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9. AnantiBHS virus as in Claim 8 wherein said naturally 
occurring virus is a retr virus. 

cccurrin, vlru. i. ..Ucted fr«. th. ,r»up con.i.tin, of BIV 1. 

s:v. 

>s in Claim 10 wherein said anti««n»e 
11. Ih. «.ti..n.. " . „j . ..l.ct.d fro. 

,r.^.nt V ^. ^en t«m.a .nti.»... 

the group consisting of tat, rev « f 

„ An antisense virus as in Claim 10 wherein said »RNA is an inRNA 
12- An anrisense va*u« ^ 

„cod.d by . ,.ne ••l^f" °' 

.3. viru. .. in =l.i. e .h,r.i. .aid viru. i. a h^an 

T-lympho tropic virus. 

14. ^ a„.i..n.. viru. a. in Cl.i. 6 .harai. .aid viru. i. hapatiti. 

B virus. 

15. An antisense proviral molecular clone including 
structural genes of a naturally occurring -rirus. and 

- an antisense fragment which is antisense to -e-- ^^^^ ^^^^ 
encoding a transactivating protein retired for saxd naturally ^ 
Virus to replicate, said antisense encoding a 

capable of binding and inactivating mRNA encoded by said g 

transactivating protein. 

16. A ..thod of .,nth.si.in, an anti..n.. provir.l .olacular clon 

""^ir^rrC^'lnoodin, a naturally occurrin, viru. into a 



vector; and ^ • nuA bv turning antis nse 

b) creating an antisense fragment in said DNA by turn g 
a section of a gene of said DNA, said gene encoding a 
tralsactlvating protein retired for said naturally occurring 
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virus to replicate, said antisense fragment encoding antisense 
RKA capable of binding and inactivating mRNA encoded by said 
gene encoding a transactivating protein. 

17. A method as in Claim 16 wherein said vector is a plasmid. 

18* A method as in Claim 16 wherein said vector is a phagemid. 

19. A method as in Claim 16 wherein said vector is a cosmid. 

20. A method as in Claim 16 wherein said vector is a bacterial phage 
lambda. 

21- A method of synthesizing an antisense proviral molecular clone 
comprising the steps of: 

a) inserting DNA encoding a naturally occurring virus into a vector; 

b) creating an antisense fragment in said DNA by carrying out a 
polymerase chain reaction using a section of a gene encoding a 
transactivating protein required for said naturally occurring 
virus to replicate as a template, said section of a gene is 
bordered by a unique restriction enzyme A at its first end and 
by a unique restriction enzyme site B at its second end, and 
using 

primer 1 comprising DNA complementary to a first end of said 
section of DNA as its 3' half, and DNA containing said restriction 
Bite B as its 5* half, and 

primer 2 comprising DNA complementary to a second end of said 
section of DNA as its 3* half, and DNA containing said restriction 
site A as its 5' half, 

as primers to produce PCR amplification products; 

c) digesting said vector with restriction enzyme A and restriction 
enzyme B to release said section of a gene; 

d) digesting said PCR amplification products with restriction ^ 
enzyme A and restriction enzyme B to release said antisense 
fragment; and 
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22. 
a) 



e, ligating said antisense fra^ent f^^^^^';^^,,,, 
wherein said antisense fragment enc d s antisense PKA cap 
binding and inactivating «BNA encoded by said gene encoding a 
tr«n»activatin9 prottln. 

=r .ucrvotle host cell sMbly trMi»£«ct«i with: 

• I»» "I" „ti„„.. fr.gm.nt «hieh i. «.ti..n.. to 

. ..ction of . sen. .ncodina . tr „ti..ns. 
for ..id ».tur.lly ocoirrina virus to repUc.te, ..i 
'rl,;«.t ..coain, «ti..n.. »« c.p.bU of bin-iin, »d 
in.ctiv.tin, .ncod.d by ..id «><=odin, . 

tr«..=tiv.tin, P">»'»' „«..ctiv.tin, protoin: 

b1 . ..cond DMA .equence .needing ..lo " 
in . m»».r .Uo»ing .«pre..ion of .n .nti..n.. varu.. 

„. * host ceil .. in cl.i» 22 ...r.in ..id ..c«^ »« 
encode. «B» which doe. not bind to ..id »ti.«... »«. 

. 92 Wherein said naturally occurring 

24. A host cell as xn claim 22 wherein 
virus is selected from the group consisting of HIV 1. Hi 

25. A process for the production of an antisense virus, said process 
comprising,^^^^^ under suitable nutrient conditions procaryotic or 

eucaryotic host cells transfected with: 

T Ifirst DNA sequence including structural genes of a 

:atrrauy occurring virus, and an antisense fragment which 
is antisense to a section of a gene encoding a 
„.n..ctiv.tin, protein .^^i^^^^^^^^^^ 

r.^: riu. bindin, - 

mFNA encoded by said gene encoaxng 
protein, and 
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ii) a Bee nd DHA sequence enc ding said transactivating protein 
in a manner allowing expression of said antisens virus, and 
b) isolating said antisense virus. 

26. A process as in Claim 25 wherein said host cells are tranafected 
with said second DKA sequence prior to being transfected with said first 
DMA sequence. 



27. A method of treating a viral infection comprising administering 
to an infected animal a therapeutically effective amount of an antisense 
virus as in Claim 1. 

28. A method as in Claim 27 wherein said infected animal is a human, 
and said section of a gene is from said human. 

29. A method of preventing a viral infection comprising 
administering to an animal a therapeutically effective amount of an 
antisense virus as in Claim 1. 

30. A method as in Claim 28 wherein said naturally occurring virus 
is selected from the group consisting of HIV-1, HIV-2, and SIV. 

31. An antisense-ribosyme virus comprising: 

a viral coat sufficiently duplicative of a naturally occurring virus 
viral coat to allow the infectivity of said naturally occurring virus, and 

nucleic acid including an antisense fragment which is antisense to a 
section of a gene encoding a transactivating protein required for said 
naturally occurring virus to replicate, said antisense fragment encoding 
antisense PKA capable of binding and inactivating mRNA encoded by said 
gene encoding a transactivating protein, said antisense fragment also 
encoding at least one ribozyme capable of cleaving said mRNA. 

32. An antisense-ribozyme virus as in Claim 31 wherein said 
antisense- ribozyme virus is replication defective. 
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33 »n .n«..n..-rib.z:p.. viru. .= in CUi. 31 -herein 
.ci "nclude. .11 Of the .tr.«ur.l ,.ne. of ..ia n.t«r.ll, occurxn. 



virus- 



34 *n .nti.en..-rihoz,»e viru. in Claim 31 *.r. n .Id ic 
.=i "ncll. .11 Of the re^Utory of ..id n.tur.Uy occurrin, 

accept ..id ^e encoding . ««...«iv.tin, protein. 

35. An „ti..n.e-ri^.,~ viru. in Clai- 31 wherein except for 

*^««m««i- wKich encodes antisense RNA, said 

36. »n .nti-enee-rib..,.. viru. .. in cl.i- 31 -herein ..id ribo.,». 

is a hammerhead ribozyme. 

37. An antiBense-ribozyne virus as in Claim 31 wherein said 
naturally occurring virus id an animal virus. 

38. An antisense-ribozyme virus as in Claim 31 wherein said 
naturally occurring virus is a DNA virus. 

39. An antisense-ribozyme Virus as in Claim 31 wherein said ^ 
naturally occurring virus is an RNA virus. 

40. An antisense-ribozyme virus as in Claim 39 wherein said 
naturally occurring virus is a retrovirus. 

41 An antisense-ribozyme virus as in Claim 40 wherein said 
naturany^ccurring virus is selected from the group consisting of HIV 1, 
HIV-2 and SIV. 

42 An antisense-ribozyme virus as in Claim 41 wherein said 
antifense^rglent which encodes antisense «.A - 
selected from the group consisting of tat, rev ^^"^ 
turned antisense and which includes at least one ribozyme. 
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43. An antisense-ribozyme virus as in Claim 41 wherein said mRNA is 
an mRKA encoded by a gene s lected from the group consisting f tat, rev, 
and vpr. 

44. An antisense-ribozyme proviral molecular clone including 
structural genes of a naturally occurring virus, and 

an anti sense fragment which is anti sense to a section of a gene 
encoding a transactiyating protein required for said naturally occurring 
virus to replicate, said anti sense fragment encoding anti sense RNA 
capable of binding mRNA encoded by said gene encoding a transactivating 
protein, said antisense fragment also encoding at least one.ribozyme 
capable of cleaving said mRNA. 

45. A method of synthesizing an antisense-ribozyme proviral 
molecular clone comprising the steps of: 

a) inserting DNA encoding a naturally occurring virus into a vector; 

b) creating an antisense fragment in said DNA by turning antisense 
a section of a gene of said DNA, said gene encoding a 
transactivating protein required for said naturally occurring 
virus to replicate, and 

c) inserting DNA encoding at least one ribozyme in said antisense 
fragment such that the transcription product of said antisense 
fragment is antisense RNA capable of binding and cleaving mRNA 
encoded by said gene encoding a transactivating protein. 

46. A method of synthesizing an antisense-ribozyme proviral 
molecular clone comprising the steps of: 

a) inserting DNA encoding a naturally occurring virus into a vector; 

b) creating an antisense fragment in said DNA by carrying out a 
polymerase chain reaction using a section of a gene encoding a 
transactivating protein required for said naturally occurring 
virus to replicate as a template, said section of a gene is 
bordered by a unique restriction enzyme A of its first end and 
by a unique restriction enzyme site B at its second end, and 
using 
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primer 1 comprising DNA compl mentary to a first end of said 
section of DNA as its 3' half, and DNA c ntaining said restriction 

site B as its 5' half, 

primer 2 comprising DNA complementary to a second end of said 
section of DNA as its 3* half, and DNA containing said restriction 

site A as its 5* half, and 

at least one bridging primer comprising DNA complementary to 
the 3' side of a ribozyme cleavage site as its 5' third, DNA 
complementary to the S' side of said ribozyme cleavage site as its 3' 
third, and DNA encoding a ribozyme as its middle third, 

as primers to produce PCR amplification products; 

c) digesting said vector with restriction enzyme A and restriction 
enzyme B to release said section of a gene; 

d) digesting said PCR amplification products with restriction 
enzyme A and restriction enzyme B to release said antisense fragment; 
and 

e) ligating said antisense fragment into said vector, 
wherein said ribozyme cleavage site is selected such that the 

transcription product of said antisense fragment is antisense RNA capable 
of binding and cleaving mFNA encoded by said gene encoding a 
transactivating protein. 

47. A procaryotic or eucaryotic host cell stably transf acted with: 

a) a first DNA sequence including structural genes of a naturally 
occurring virus, and an antisense fragment which is antisense to 
a section of a gene encoding a transactivating protein required 
for said naturally occurring virus to replicate, said antisense 
fragment encoding antisense RNA capable of binding mRNA encoded 
by said gene encoding a transactivating protein, said antisense 
fragment also encoding at least one ribozyme capable of cleaving 
said mRNA; and 

b) a second DNA sequence encoding said transactivating protein; 
in a manner allowing expression of an anti sense- ribozyme virus. 
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46. A host cell as in claim 47 wherein said second DNA sequence 
encodes mRNA which does not bind to said antisense RNA and which is n t 
cleaved by said ribozyme. 

49. A host cell as in claim 47 wherein said naturally occurring 
virus is selected from the group consisting of HIV-1, HIV-2, and SIV. 

50. A process for the production of an antisense ribozyme virus, 
said process comprising: 

a) growing under suitable nutrient conditions procaryotic or 
eucaryotic host cells transfected with: 

i) a first DNA sequence including structural genes of a 
naturally occurring virus, and an antisense fragment which 
is antisense to a section of a gene encoding a 
transactivating protein required for said naturally 
occurring virus to replicate, said antisense fragment 
encoding antisense RNA capable of binding mRNA encoded by 
said gene encoding a transactivating protein, said 
antisense fragment also encoding at least one ribozyme 
capable of cleaving said mRNA, and 

ii) a second DNA sequence encoding said transactivating protein, 
in a manner allowing expression of said antisense ribozyme virus, and 

b) isolating said antisense ribozyme virus. 

51. A process as in Claim 50 wherein said host cells are transfected 
with said second DNA sequence prior to being transfected with said first 
DNA sequence. 

52. A method of treating a viral infection comprising administering 
to an infected animal a therapeutically effective amount of an 
antisense-ribozyme virus as in Claim 31. 

53. A method as in Claim 52 wherein said infected animal is a human 
and said section of a gene is from said human. 
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54. A method of preventing a viral infection c mprising 
administering to an animal a therapeutically effective amount of an 
antisense-ribozyme virus as in Claim 31. 

55 A method as in Claim 53 wherein said naturally occurring virus 
is selected from the group consisting of HlV-1, HIV-2, and SIV. 

56. A method of connecting a first DNA segment to a second DNA 
segment, said first DHA segment and said second DNA segment being 
separated by a length of DNA, or located on different molecules, 

con5>rising the steps of s 

carrying out polymerase chain reaction using said DNA segments as 

tennplates, and using 

a primer A complementary to the 5' end of said first DNA segment, 
a primer B complementary to the 3* end of said second DNA 

segment, and -»» j * 

a bridging primer comprising DNA complementary to the 3 end £ 
said first DNA segment as its 5' half, and DNA complementary to the 
5' end of said second DNA segment as its 3' half, 
as primers. 

57, A method as in Claim 56, wherein the molar concentration of 
primers A and B are the same, and the molar concentration of said 
bridging primer is about 1/10 of the molar concentration of primer A or B. 

58 A method of synthesizing a DNA sequence comprising the steps of: 
a) synthesizing a series of oligodeoxynucleotides including: 

a first oligodeoxynucleotide having a 5' end complementary 
to the 5- end of said DNA seqiience and a 3' end complementary to 
the 5' end of one other oligodeoxynucleotide, 

internal oligodeoxynucleotides wherein the 3' end of each 
oligodeoxynucleotide is complementary to the 5' end of one other 
oligodeoxynucleotide, and 
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a last olig deoxynucleotide having a 3* end compl mentary 
to the 3' end of said DNA s quence and a 5' end complementary to 
the 3* end of one other oligodeoxynucleotide^ 

wherein said series extends the full length of said T>Wi 
sequence to be synthesized; 
b) carrying out a thermal cycling connection-amplification 

reaction on a thermal cycler under reaction conditions suitable 
for thermal stable DNA polymerase in the presence of: 

i) said oligodeoxynucleotides; ' 

ii) four 2'-deoxynucleoside 5 '-triphosphatase; and 

iii) thermal stable polymerase. 

59. A method as in claim 56 wherein said first and said last 
oligodeoxynucleotides are added in equal amounts, and each internal 
oligodeoxynucleotide is added at about 1/10 that of said first or said 
last oligodeoxynucleotide. 

60. A method as in Claim 58 wherein said DNA sequence is a 
regulatory gene sequence. 

61. A method as in Claim 60 wherein said DNA sequence is a protein 
coding sequence. 

62. A method as in Claim 61 wherein said DNA sequence is a protein 
coding sequence of a viral gene. 

63. A method as in Claim 62 wherein said DNA sequence is a protein 
coding sequence of a viral gene with a diversified nucleotide sequence. 

64. A nucleic acid selected from the group consisting of SEQ ID 
NO: 1-38. 
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